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SCIENTIFIC RESEARCH AND 
MAN-POWER IN THE UNITED 
STATES 


LTHOUGH the two earlier reports on ““Research 

—A National Resource’, covering both the 
“Relation of the Federal Government to Research” 
and ‘Industrial Research’’, not to mention the more 
recent report from Dr. Vannevar Bush, “‘Science— 
the Endless Frontier”, have to some extent prepared 
the British reader to appreciate the scale of the 
research effort in the United States—an effort in 
which it is estimated that 137,000 scientific workers 
were engaged in 1946-47, some 30,000 of them in 
government laboratories—it is not easy to convey a 
concise picture of the scope of the five reports which 
Mr. J. R. Steelman, chairman of the President’s 
Scientific Research Board, has presented under the 
general title “Science and Public Policy”*. The 
White Paper on “Scientific Research and Develop- 
ment” issued in Britain is too slight te be com- 
parable ; possibly Sir John Anderson’s descriptive 
survey of government organisation for research in 
his Messel Memorial Lecture last July is a more 
useful comparative outline of British activities. From 
the critical point of view, the penetrating analysis of 
expenditure on research and development contained 
in the third report of the Select Committee on 
Estimates for the session 1946-47 makes that report 
the appropriate British document to set beside the 
Steelman reports, although the latter also contain 
features in common with the White Paper on the 
Scientific Civil Service and with the report of the 
Barlow Committee on Scientific Man-power. How- 
ever, nothing of quite the same scope and nothing 
comparable in scale has yet been published in Britain, 
although it is equally true that the whole subject 
has been discussed very thoroughly and fully as 
intensively, if not as quantitatively, in books and 
reports from both public and private sources as well 
as in Parliament. 

The first of these volumes, entitled “‘A Program 
for the Nation’’, sketches the position of the United 
States in scientific research and development, com- 
paring expenditure in 1930 and in 1945, and presents 
a budget for the future as well as discussing the 
limiting factor of man-power. After considering 
questions of personnel and the Federal organisation, 
it details recommendations for action by the Federal 
Government to meet the challenge of science and 
assure the maximum benefit to the nation. In the 
second volume, “The Federal Research Program”’, 
details of the Government’s programme for research 
and development are analysed. The bulk of this 
volume consists of statements from the individual 
departments or agencies, indicating the range of 
work and its organisation ; and among the appendixes 
is a useful note on definitions of research. 


* Science and Public Hyp 5 Vol. 1: A Program for the Nation, 
A re to the President by John R. Steelman. Pp. x +73. 20 cents, 
Vol The Federal Kesearch m. By John R. Steelman. 
Pp. vii +318 55 cents. Vol. 3: A rninistration and Research. By 
John R. Steelman. Pp. sen sane. 55 cents. Vol. 4: Manpower med 
a, By John R. Si Pp. viili+166. 55 cents. Vol. 
The Nation's ‘iedtoal 5 Research. By ohn R. Steelman. Pp. stile 
25 cents. (Washington. D.C.: Government Printing Office, 1947.) 
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The third volume, “Administration and Research”, 
is concerned with the administrative problems that 
arise in the departments, bureaux and laboratories 
in executing the Government’s programme, more 
particularly that part conducted in the Government’s 
own laboratories. Questions of control and scientific 
freedom, the planning and evaluation of research 
activities, the ‘climate’ for research, and the methods 
of financing government research are discussed here, 
and recommendations for changes are made. In the 
fourth report, “Manpower for Research”, the short- 
age of scientific workers and the implications of that 
shortage are discussed, including changes in distri- 
bution and their causes, and the action required for 
training more of them. The final report, ‘““The Nation’s 
Medical Research”, discusses, first, the general prob- 
lems of medical research, and next the Federal 
programme and its particular problems, indicating 
the content and distribution of research projects and 
describing the existing agencies and facilities for 
medical research. 

Even this comprehensive survey, however, is not 
quite complete. In the first place, the social sciences 
are excluded, although some projects were examined 
in which}both physical and social scientists were 
working. In the second place, the research pro- 
grammes of the War and Navy Departments, apart 
from their medical programmes, were only examined 
very generally, because the Research and Develop- 
ment Board is making a detailed study of these 
programmes. Again, the delays in establishing the 
Atomic Energy Commission made impossible a 
detailed examination of the research programme of 
that Commission at the present time, apart from 
questions of national security. Nevertheless, sufficient 
investigations were made to judge the relation of 
these programmes to the scientific effort of the 
Government of the United States as a whole, and to 
provide a basis for administrative recommendations. 

The first of these five reports is of the most general 
interest. to some extent summarizing the remaining 
four and detailing the general recommendations of 
the Scientific Research Board ; it is issued over the 
signature of its chairman, John R. Steelman. More- 
over, side by side with the emphasis laid on research 
as the basis for an expanding economy and continued 
high levels of employment, as well as for progress in 
eliminating poverty and disease, there is in this 
report a remarkable emphasis laid on the importance 
of lending every possible aid to the re-establishment 
of scientific research and development in Europe. 
This emphasis is derived largely from the recognition 
that the strength of the United States has lain in the 
practical application of scientific principles rather 
than in original discoveries, and that further develop- 
ment must wait on the resumption of fundamental 
research which was everywhere largely in abeyance 
during the War. 

The Steelman Report contends frankly that it is 
to the interest of the United States to make a 
maximum effort to restore the free exchange of ideas 
and the conditions of free international co-operation 
among men of science as it existed before the rise of 
totalitarian States, as well as to assist the recon- 
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struction of the devastated countries of Europe and 
Asia. Such self-interest is no reason for locking 
askance at American generosity ; for it is equaliy to 
the national interest everywhere, as well as to ‘hat 
of the progress of acience, to re-establish the con- 
ditions in which the advance of science and the 
cross-fertilization of minds can again proceed fr-ely 
across national frontiers. As the report observes, 
the devastation of scientific work in Europe, the 
disruption of the normal international exchang» of 
scientific knowledge and the suspension of funda- 
mental work in important fields have altered every 
premise upon which our thinking about scientific 
research and development has been based. 

This is the broad background against which the 
recommendations of the Steelman Reports have been 
framed, and it is clear that they have been influenced 
by very similar considerations to those which have 
determined policy in Great Britain, given the difter- 
ence in emphasis and development between funda- 
mental and applied research in Britain as compared 
with the United States. They recommend first that 
annual expenditure on research and development 
should be increased as rapidly as facilities and trained 
man-power can be expanded, so that, by 1957, at 
least one per cent of the national income, or more 
than 2,000 million dollars, is devoted to research and 
development in the universities and industry and 
by the Government. Greater emphasis should be 
placed on fundamental research and medical research ; 
these expenditures should be quadrupled and tripled, 
respectively, in the next decade, while total research 
and development expenditure is doubled. Federal 
support of fundamental research in the universities 
and non-profit research institutions should be in- 
creased progressively to a level of at least 250 million 
dollars by 1957. These figures look almost astro- 
nomical beside the estimates for Government 
expenditure in Britain on research and development 
of about 76-5 million pounds, the distribution of 
which between fundamental and applied research 
and between civil and military research was reviewed 
by the Select Committee on Estimates in a report 
for the session 1946-47. The Steelman Report may 
well observe that with so much public money already 
being spent in furtherance of research and develop- 
ment, careful attention must necessarily be given to 
the manner in which it is spent ; and while it is recog- 
nized that the limiting factor at present is trained 
man-power, a considerable amount of thought has 
been given to the way in which expenditure on 
research should be controlled and distributed. 

This is, of course, the kernel of the debate during 
the last few years in the United States over a national 
science foundation. There appears to be little dissent 
from the view expressed in this report that at present 
too small a proportion of the total resources of the 
United States is devoted to fundamental research, 
to health and medicine, and of its development 
resources to non-military ends. The conflict of 
opinion occurs over the means by which the balance 
of the research and development programme is to be 
restored, and the manner in which Federal support 
should be given. 
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The Steelman Report expresses the emphatic 
opinion that the bulk of the expansion in fundamental] 
research must be in the universities and colleges, 
and be financed by Federal funds. For this purpose 
it recommends the establishment within the Executive 
Office of the President of a ‘National Science Found- 
ation’, headed by a director appointed by the 
President and assisted by a part-time advisory board 
of scientific men and _ educationists, similarly 
appointed, half of whom should be drawn from out- 
side the government service, and half from within. 
No restrictions should be placed upon the fields of 
inquiry eligible for support, and part of the funds 
expended by the Foundation should be used to 
strengthen promising colleges and universities. 

The establishment of & national science found 
ation is not, however, in the view of the Science 
Research Board, all that is required. Some overall 
picture of the allocations of research and development 
functions among the Federal agencies, and of the 
relative emphasis placed upon fields of research and 
development within the Federal Government, must 
be available. Provision should also be made for a 
central point of liaison among the major -research 
agencies to secure the maximum interchange of 
information with respect to the content of research 
and development programmes, and with respect to 
administrative techniques. At a single point close to 
the President, it should be possible to bring into 
the discussion of high policy the most significant 
problems in the research and development programme 
of the nation as a whole. 

The idea of establishing a department of science 
to handle these functions was rejected, after con- 
sultation with scientific men and administrators, no 
doubt for similar reasons to those which have led to 
the rejection of the idea of a Ministry of Science in 
Great Britain. The Steelman Report recommends 
instead that a Federal committee be established, 
composed of the directors of the principal Federal 
research establishments, to assist in the co-ordination 
and development of the Government’s own research 
and development programme. In addition, the 
Bureau of the Budget should set up a unit for 
reviewing Federe| scientific research and developmént 
programmes, and the President should designate a 
member of the White House staff for scientific liaison. 
(This interdepartmental committee and scientific 
liaison officer have since been appointed.) More- 
over, one of the first tasks of the interdepartmental 
committee would be a full analysis of the relative 
advantages of contracts and grants as a means of 
supporting research, and a careful review of the 
advantages arising from, and the problems connected 
with, the establishment of research co-ordinating 
bodies within large Federal agencies. 

As already noted, the Scientific Research Board 
recognizes that the limiting factor in the expansion 
of research or development facilities is at present 
man-power ; and, besides suggesting that the Federal 
Government, without making direct grants to indus- 
try, should encourage the expansion of industrial 
research by taxation incentives and other recognized 
methods, the Board points out that any programme 
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of Federal assistance to the universities for research 
must be part of a broader programme of aid to higher 
education. Even a programme of scholarships or 
fellowships should not be established in the physical 
and biological sciences alone. The Board appears to 
lean to the support of fundamental research by 
grants rather than contract, and recommends that 
every Federal agency with major research respon- 
sibilities should have authority to make such grants, 
subject to the co-ordination by the suggested national 
science foundation. Furthermore, in time of peace, 
no secret or confidential research or development 
projects should, as a matter of policy, be placed with 
the universities ; and the opinion of the Bush Report, 
“‘Science—the Endless Frontier”, that complete free- 
dom of inquiry must be preserved under any plan for 
government support of science is emphatically 
endorsed. 

While the whole problem of university and college 
facilities was being examined independently by the 
President’s Commission on Higher Education, the 
report of which has since been published, the Steel- 
man Reports do not entirely pass by the question of 
university expansion. The section on “Manpower : 
the Limiting Resource’’, in this first report, points 
out that while between 1940 and 1947 United States 
expenditure on research and development increased 
by 335 per cent, the supply of trained man-power 
only increased by 35 per cent. It appears that the 
shortage of scientific man-power in the United States 
is even worse than in Britain, and particularly in the 
universities and colleges, where the urgently needed 
expansion of fundamental research is hampered, and 
there is danger that students will not receive the 
rigorous training required for such work. The report 
estimates that a further 15,000 instructors are 
required; but that there are enough students in the 
colleges and universities to double the supply of 
scientific workers within the next decade. Neverthe- 
less, the balance in the research programme cannot 
be restored in the next year or two by expanding the 
programme for fundamental research or for non- 
military research and development without reducing 
expenditure on military or industrial research; and 
the Board, so far from being prepared to recommend 
such reduction, visualizes the possibility of having to 
increase research in the military sector. 

On problems of personnel in science, the report 
says comparatively little, apart from stressing the 
importance of salary scales adequate to attract the 
ablest type of men, of associating the scientific worker 
with the formulation of policy, and of encouraging 
professional contacts. Appropriation by Congress of 
larger sums to enable scientific men in Federal service 
to travel to professional meetings is recommended, 
but the report is less searching in this respect than 
the Barlow report on scientific staff in Britain 
which was appended to the White Paper on “The 
Scientific Civil Service” in September 1945. The 
Select Committee on Estimates was also more 
penetrating in its report for the 1946-47 session 
already cited; but appended to the fourth volume 
of the series of Steelman Reports, “Manpower for 
Research”’, is a bibliography on scientific personnel, 
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not confined to American publications, which is of 
considerable interest. A more comprehensive biblio- 
graphy on the administration of research is appended 
to the third volume of the series. 

Despite, therefore, the impressive scale of research 
effort in the United States, both existing and pros- 
pective, study of the Steelman Reports does not 
suggest that, on the whole, Great Britain has much 
to learn from the United States as regards the organ- 
isation of research. Indeed, Britain is free from 
certain difficulties which the federal system involves, 
and while it is clear that in both countries the risks 
and limitations of planning research are fully 
appreciated, even the Steelman Committee does not 
appear to be quite sure as to the means to be adopted 
for the control and organisation of fundamental 
research. Distrust of government interference goes 
far deeper in the United States than in Britain ; but 
in considering medical research, the Committee does 
raise the question whether medical research for the 
Services could be pooled, and recommends the 
creation in the United States of an advisory Medical 
Research Committee for the large-scale, long-range 
planning of a national medical research policy. 

There is thus much that is of interest to British 
scientific men in these five volumes, and from the 
immense assembly of facts, data can be selected to 
support arguments in favour of particular policies or 
action in Great Britain. The comments on the man- 
power situation, and especially the facts and 
observations presented in the appendix to the fourth 
volume, “Manpower for Research’’, deserve careful 
study. When the Scientific Research Board appointed 
by the President of the United States takes such 
a wide view, and can still urge generous help 
towards the reconstruction of scientific institu- 
tions in Europe, it is worth remembering that the 
progress of science in Britain is equally dependent 
upon the re-establishment of a world community of 
science. 

The Steelman Reports express the view that it is 
essential that the aid to be given to the research 
laboratories of Europe should be on terms which 
ensure the maximum contribution towards the 
restoration of pre-war conditions of the free exchange 
of scientific knowledge across national frontiers. The 
assistance contemplated is not limited to actual 
reconstruction; it includes encouragement for 
students from abroad to attend American universities 
and colleges, as well as the establishment of scientific 
missions abroad. The solidarity of British and 
American opinion in such matters as these, the clear 
recognition that, in the long run, science cannot 
flourish in the midst of a troubled world, the insistence 
on those cherished freedoms of expression and 
association which are the corner-stones of democracy, 
as they are conditions of scientific advance, are among 
the most welcome and outstanding features of these 
reports. For British readers they carry the corollary 
that our own efforts to foster international exchange 
of knowledge and understanding must be no less 
determined, positive and even sacrificial, in the hope 
that the two great democracies may work together 
for the good of the whole world. 
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PLANT LIFE IN BRITAIN 


British Plant Life 

By Dr. W. B. Turrill. (New Naturalist Series.) 
Pp. xvii + 315 + 72 plates. (London and Glasgow: 
Wm. Collins, Sons and Co., Ltd., 1948.) 21s. net, 


O far as coloured illustrations are concerned, 
this most recent addition to the “New Naturulist” 
series is probably the most successful. They consist of 
fifty-three colour photographs by John Markham, 
Brian Perkins, F. Ballard and others. The close-up 
photographs of yew, black bryony and hawthorn in 
fruit and the ground pine in flower are excellent: 
that of the fleabane is not so good, the foliage being 
badly blurred and the flower-heads not very distinct. 
Moreover, the colour of the close-up of fritillaries has 
registered rather badly. Perhaps the most beautiful 
of all the plates is that of bluebells. Among the more 
distant views attention should be directed to that 
depicting heather in the fore- and middle-grounds 
with Scots pine in the background, and that depicting 
dandelions. 

Great care has obviously been taken in the choice 
of black-and-white photographs by such well-known 
Nature photographers as John Markham, Eric 
Hosking, Brian Perkins, Robert Adam, Anne Jackson, 
ete. 

Among the maps are one showing the botanical 
vice-counties of Great Britain and Ireland, and eight 
others illustrating the distribution of certain selected 
species of plant, from the hazel (Coryllus avellana), 
which necessitates shading the map of the entire 
islands, to the Cheddar pink (Dianthus cesius), 
represented only by a small shaded patch in Somerset. 
(Is Cheddar deliberately spelt with a lower case ‘c’ 
on the map, following the strange modern craze? 
If so, then the same style should have been followed 
in the text on p. 54.) 

The aforementioned characteristics of this book 
will have an imrmftediate appeal to both amateur and 
professional botanist, for all are excellent. But there 
is much more in the book than this, namely, the 
text, written by one of Britain’s leading authorities 
who is keeper of the Herbarium and Library at the 
Royal Botanic Gardens, Kew. 

In no sense is the book a Flora; it is an erudite 
review of the wild vegetation made from those angles 
with which other research botanists have come to 
associate the name of Dr. W. B. Turrill. 

Following an introductory chapter are four dealing 
with the vicissitudes to which the British flora has 
been subjected before attaining its present composi- 
tion. From the origin of life itself we come to the 
beginnings of plant life, and are then led up to the 
very important changes induced during the Ice Age 
and the further changes which occurred during the 
Post-glacial Epoch. In the last-named, the most 
up-to-date methods of pollen analysis and the 
conclusions drawn from these studies are presented 
in a very clear manner. 

In the review of the present position of the British 
flora we learn that there are about 1,500 seed-bearing 
plants, and a very useful list is given of 91 plant 
families together with the number of genera and 
species which constitute each, from Composite, 
containing 42 genera and 114 species, to families 
containing only one species, such as Cucurbitacex— 
Bryonia dwwica (white bryony) ; Loranthacea— Viscum 
album (mistletoe), etc. 

From then on, the author leads up, through 
geographical relationships, to an up-to-date study of 
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plant ecology, beginning with habitat factors, namely, 
dimatie, edaphic and biotic. Then a long chapter 
deals with the different kinds of plant communities. 
Here Dr. Turrill takes full advantage of the great 
strides which have recently been made in ecological 
research, especially in Great Britain. 

A study to which the author has made important 
research contributions is that of variation in plants, 
and in a chapter of 20 pages he waxes lucid and 
eloquent on the subject. 

Adaptation, natural selection and heredity certainly 
have an important part to play, especially in such a 
comparatively crowded flora as that of Britain, and 
in this book these phenomena are well presented and 
illustrated with many carefully chosen and clear 
examples. This implies that the flora of these islands, 
like that of many other parts, is still undergoing 
changes, so the author does well to consider them ; 
for students so frequently fail to realize that though 
this age is experiencing the ‘traditions’ of the past, 
it is also contributing new ‘traditions’ for the future. 

At the end of the text, a fairly full, but not indiges- 
tible, bibliography, a useful glossary and an index 
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are appended. 

“British Plant Life’ has been carefully conceived 
and well written. It is difficult to imagine who would 
not benefit by reading it, for it is indeed readable ; 
we would strongly recommend it to all academic 
students of botany and to the many more amateur 
naturalists who are making flowering plant life their 
special line. Not only will they see and read with 
interest and enjoyment; but also they can put 
implicit trust in the factual material. 

This is a book worthy of the author so far as text 
is concerned, a credit to the photographers who have 
contributed the illustrations and a title which will 
enhance the reputation of the publishers who are 
pre ducing this excellent series of books. 

L. J. F. BRIMBLE 


EVERYTHING ABOUT THE DOG 
The Book of the Dog 


Edited by Brian Vesey-Fitzgerald. Pp. xviii 1039 
+ 24 plates. (London: Ivor Nicholson and Watson, 
Ltd., 1948.) 428. net. 
O begin with, one must commend the majestic 
4 pede cde of this in every sense weighty volume 
& worthy companion to the same combination’s 
production, “The Book of the Horse”. It is stimu- 
lating to handle a thing of substance and quality in 
these attenuated days. At two guineas it is good 
value, and here, in material content, is what you 
get for it: 1,057 quarto pages of good paper, and 
honest-sized type ; 336 illustrations, including twenty- 
four excellently produced coloured plates ; full deserip- 
tion and illustration of 119 breeds of dogs ; forty-one 
articles covering practically every aspect of the dog 
and man’s relations with it—at all events I cannot 
think of any more, except possibly circus dogs, an 
omission I for one can endure without complaint ; 
all this done by sixty-two contributors, who in this 
review must mostly remain anonymous, though they 
are all experts in their own subject. The quantity of 
material is impressive ; so also is the quality, chiefly 
because, although a high literary standard was 
obviously not the target of the planner, yet, notwith- 
standing the total length of the book, the individual 
articles are generally concise, factual and clear. 
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There is, too, a general absence of sentimentality— 
though lots of affection—which is most refreshing. 

One of the most interesting and informative 
passages in the whole book is Dr. Vevers’ section on 
worms, Which forms part of his opening chapter on 
“The Phylogeny, Domestication and Bionomics of 
the Dog”. The things that can go on inside a dog as 
the result of entertaining these parasites are not to 
be lightly dismissed with worm powders, and the 
average casual dog owner needs considerable educa- 
tion in this matter, if one is to judge from the general 
condition of the dogs one sees about. While on this 
subject I endorse the condemnation by R. C. G. 
Hancock (“Nursing and Treatment”’) of the amateur 
‘vet.’. The records of such bodies as the P.D.S.A. are 
witness to the immense suffering caused to dogs, 
and indeed all domestic animals, by ill-advised 
amateur attempts at treatment. The reasons for this 
seem to be twofold: pride—everybody likes to be 
considered knowledgeable on something he knows 
nothing about; and meanness—the number of 
people who will go to almost any length to avoid 
parting with money to a ‘vet.’ is positively scandalous. 
This is very prevalent also among amateur horse 
owners. 

Dr. Vevers gives interesting comparisons between 
the dog and the cat. A theme I would like to see 
developed more fully is the extreme psychological 
divergence of the dog and the cat, which may or 
may not have something to do with what one might 
call the physical malleability of the former. Man 
has- moulded the dog into an astonishing variety of 
shapes and sizes according to his moods and needs ; 
but he has never been able to do anything with that 
intractable creature the cat ; and, while the dog has 
always worshipped man, man did at one time worship 
the cat. 

Like the horse, the dog appears first in history in 
pictures, usually in hunting scenes; so Mr. Croxton 
Smith infers reasonably enough that a very early 
use of dogs by man was for hunting and tracking 
other animals—in slight contradiction to the author- 
ities quoted by Dr. Vevers, who suggest that 
scavenging was the first occupation of the friend of 
man qua friend. From my own experience of ‘pi-dogs’ 
in the East I would ssy that scavenging, though no 
doubt useful, was not the way the dog took to man’s 
heart. The truth, however, seems to be that we know 
very little about the matter until we come to the 
pictures, the first historical record. After that it does 
not seem to have been long before man began to 
grow sentimental about the dog, and so he has 
remained to this day. The chapter on “The Dog in 
History”’ is particularly well done. So, too, are the 
other sections on working dogs, in the shooting and 
hunting fields, in sheep herding, in which we see the 
dog at his best, in guiding the blind, and in war. An 
omission in the latter, in passing, is mention of the 
training of war and police dogs in the U.S.S.R. They 
were trained, I believe, to attack and destroy tanks 
and themselves—by leaping at them with detonating 
charges on their backs. 

John Board writes comprehensively and chattily 
on “Selecting a Breed”, though, so impartial is he in 
once sense and so partial to all sorts of dogs in 
another, it would be difficult at the end to resist 
getting them all. But we are all mostly prejudiced 
in favour of the last dog we have owned, so I will 
express My own partiality and recommend my 
favourite, the Sydney Silky—who receives scant 
attention in the breed section—one of the gamest, 
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most intelligent and lovable of all terriers, and one 
still unspoilt by the attentions of exhibitors. 

It would be possible to go on browsing indefinitely 
and happily through the pages of this book. There 
is so much that could be mentioned: the dog 
in art, in literature, foxhounds, greyhounds, the 
Samoyed, the Kennel Club and Crufts, the excellent 
chapters on breeding, training, and showing, and not 
omitting a scholarly and scientific dissertation on 
that canine outcast, the pariah—though I cannot 
share the anxiety of the Menzels for its preservation. 
It must be left to others to dig in this canine mine 
with the certainty that they will extract both pleasure 
and profit from it. C. E. G. Hope 


THE FREE ELECTRON IN VACUO 


Vacuum Tubes — 

By Prof. Karl R. Spangenberg. (McGraw-Hill 
Electrical and Electronic Engineering Series.) Pp. 
xvii + 860. (New York and London: McGraw-Hill 
Book Co., Inc., 1948.) 45s. 


OR many years the literature of applied physics 

has lacked a really up-to-date and complete 
account of the phenomena occurring inside valves. 
In consequence, students are taught very little about 
them, a sad contrast with the attention paid to 
circuit applications. To fill this void, Prof. K. R. 
Spangenberg has written the present bulky volume, 
addressed mainly to senior and graduate students, 
but with the needs of research workers kept in mind. 
The book begins with the basic physics of the subject : 
atomic theory, electron emission, electrostatics and 
the dynamics of cherged particles. Potential theory 
is next discussed, with detailed application to triode 
and multigrid valves. After a brief consideration of 
shot effect and resistance noise, a section of 142 pages 
is devoted to electron optics and the cathode ray 
tube. Transit-time effects come next, and lead to the 
elementary theory of velocity modulation valves and 
cavity magnetrons. Then there are chapters on 
photo-electrig devices and various special tubes, while 
the final chapter of sixty pages gives a résumé of 
high-vacuum practice, based on material supplied by 
C. V. Litton. Some mathematical topics, units, skin 
effect and Langmuir’s diode tables are discussed in 


appendixes. 
This synopsis shows the planning of the book to 
be logical and comprehensive. Unluckily, the 


execution is not up to the level of the plan, for the 
treatment is very uneven in depth and precision. 
From the point of view of the student, it is particu- 
larly unfortunate that the sections on the physical 
phenomena are the poorest in the book. There is 
only the most sketchy account of the preparation of 
oxide cathodes, photo surfaces, fluorescent screens 
and many other matters essential for the preparation 
of the simplest valve. On the theoretical side these 
sections are equally weak. For example, the oxide 
cathode is not discussed as a semi-conductor, and 
there is no attempt to derive Richardson’s law for a 
pure metal. 

The unfavourable impression made by the first 
few chapters is largely dispelled by the competent 
handling of the theory of triodes, tetrodes and 
pentodes, both as potential problems and in the 
space charge régime. Prof. Spangenberg has made 


original contributions to some of the questions dis- 
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cussed here, and on electron optical theory, so it jg 
natural that these should be the best parts of the 
book. The discussion of transit-time valves is clear 
and correct so far as it goes; but, considering that 
nearly two hundred pages are used, this is not 
far. Some original work on velocity-modul ‘tion 
tubes to cover a frequency-band of more than an 
octave is, however, included. 

A peculiarity of the book is that all the more 
important expressions are given as nomograms, 


While this device does give a very clear idea of the 
magnitudes involved, the accuracy is limited by the 
page size to a value lower than that of even a six. 
inch slide rule. 

It is to be hoped that, in a second edition, Prof. 
Spangenberg will divide the work into two separate 
parts, a students’ text-book, and a definitive reference 
handbook for specialists. This would reduce the bulk 
of the material sufficiently to allow it to be handled 
in & university course. In its present form the book, 
while welcome, will disappoint the more sophisticated 
readers. A. H. Beck 


PHYSICAL PROPERTIES OF 
RUBBER 


Le caoutchouc 

Matériau de construction. Par |’Institut frangais du 
caoutchouc. Avec le concours de Georges Colin, 
André Jarrijon et Pierre Thirion. (Etudes de syn. 
tkése et de documentation |’Actualité technique.) 
Pp. viii + 230. (Paris: Libr. Dunod, 1947.) 560 
francs. 


fg tery the remarkable physical properties 
exhibited by rubber are such as to commend 
its use for certain specialized engineering applica- 
tions, it has not been easy for designers to obtain 
reliable quantitative information upon which to base 
their work. The volume under review goes some 
considerable way to filling the need felt by the 
designer for a comprehensive account of the physical 
attributes of rubber. The reluctance of the rubber 
technologist to commit himself to figures in describing 
the properties of this remarkable substance has been 
due partly to the fact that the word rubber covers 
materials having a tremendous range of properties. 
The width of this range is, indeed, indicated by the 
authors, although it is felt that in some sections 
figures are presented without sufficient emphasis on 
the fact that they are typical only of the compounds 
of particular manufacturers. 

The volume includes a short account of the theories 
of the rubber-like state, a similar amount of space 
devoted to industrial processing technique, a thorough 
review of physical properties and finally a section 
giving details of the various applications of rubber, 
including methods of calculation. The balance as 
between these sections is good in view of the needs 
of the intended reader. There are a few errors in 
figures, the most serious in Table V, p. 44, where 
figures for internal friction are too large by a factor 
of 10°. 

It is a matter for regret that a book such as this, 
to which frequent reference will be made, should be 
bound inadequately in paper covers which cannot 
stand up to a week’s careful handling by the reviewer. 

W. P. FLETCHER 
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Everyman’s Mathematics 
By ¥. G. Brown. Pp. xix+748. (Sydney and 
London: Angus and Robertson, Ltd., 1947.) 36s. 


a. cosas fifty years of teaching in primary and 
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secondary schools, teachers’ training colleges, 
adult classes, and the Royal Australian Naval 
College, Mr. Brown is very much dissatisfied with the 
usual methods of teaching elementary mathematics. 
He considers that the few basic principles are clouded 
and hidden by an over-elaboration of the details, 
and that much time is wasted in doing too much in 
the wrong way. He has therefore prepared a treat- 
ment which, though mainly an attempt to interest 
the adult who has forgotten what he learned at 
school, also suggests, in the first half of the book, 
the minimum amount of mathematics which a school 
might be expected to teach to boys and girls of 
fifteen years of age. This part deals with arithmetic 
(based almost entirely on the “method of Rates’), 
geometry, algebra and trigonometry. The second 
half of the book illusirates the type of material suit- 
able for use in an adult education study-group ; it 
lays stress on applications to instalment systems, 
depreciation, decibels and phonsg dynamic design, 
fallacies and puzzles, as well as on more conventional 
branches of mathematics such as graphs and calculus. 
Both parts of the book are written in amusing and 
colloquial language, with anecdotes, historical refer- 
ences, and digressions, some of which throw more 
light on the author’s opinions on things in general 
than on mathematics. There are many examples for 
solution, and the answers are given at the end of the 
00k, in some cases with hints how to obtain them. 
There is a full index. 
Any portion of the book, taken by itself, is very 


readable ; but taken altogether, there is too much of 


everything. The publishers’ claim that the book is 
for every man and woman raises two questions. Is 
every man prep ired to read such a large book (more 
than 750 p.sges), and if so, is he prepared to pay 


36s. for it ? H. T. H. Praccio 
Plasticity in Engineering 
By F. kK. Tn. van Iterson. Pp. ix+174. (London, 


Glasgow and Bombay : Blackie and Son, Ltd., 1947.) 
8s. 6d. net. 

AS the author rightly claims in the preface, the 
A chief reason for writing a book on the theory of 
plasticity is to direct attention to its importance— 
from the engineering point of view equal to that of 
the theory of elasticity. Nevertheless, to be of real 
value, such a book must review the state of know- 
ledge of the subject as a whole, or, on a smaller 
scale, provide an introduction to the subject, dealing 
only with well-established theoretical and experi- 
mental results. 

This book fulfils neither function adequately, and 
is correspondingly of limited value to the research 
worker and of real danger to the student. The author 
has instead developed in it a group of theoretical 
results, which are neither based on an adequate 
consideration of the theoretical background, nor 
supported by convincing experimental evidence ; in 
this connexion, the author has had access to a con- 
siderable field of Dutch work, but unfortunately 
gives only very abbreviated accounts of it. American 
work, other than the edition in English of Nadai’s 
famous book, is covered in four brief references, and 
it is unfortuna‘e that the author has apparently not 
been aware of the important work being done in 
Great Britain. In the past eighteen months, for 
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example, a collection of papers has been published 
by R. Hill and fellow-workers, which involve con- 
clusions very different from many of those described. 
The valuable features are a considerable collection 
of recent references, scattered through the book, to 
Continental work, some illuminating introductory 
chapters on fundamental aspects of the subject, and 
a few interesting photographs and diagrams relating 
to observed results. G. D. 8S. MacLEetian 


Flowering Earth 
By Donald Culross Peattie. Pp. vii+200. (London : 
Phoenix House, Ltd., 1948.) 108. 6d. net. 


NHIS book is an unusual introduction to the study 
and appreciation of plant life. The theme run- 
ning through it is the unity—more particularly in a 
symbiotic sense—of all living organisms. It is very 
clearly shown that plants with chlorophyll are basic 
to the existence of all living organisms, except a few 
“bacterial autotrophs”’. Hence, “we ought not to 
speak of getting at the root of a matter, but of going 
back to the leaf of things”. The main groups and 
functions of plants are considered in extremely simple 
language and with the use of a minimum of technical 
terms. 

The opinion may be expressed that a majority of 
the persons to whom this book might appeal would 
prefer a little more ‘meat’ in the eighteen chapters. 
On the whole, the statements concerning plants are 
accurate and up to date; but some corrections are 
necessary. The number of species of flowering plants 
is stated on p. 124 to be “some one hundred 
thousand”’, while on p. 142 “‘two hundred thousand 
species” of Angiosperms are said to “populate our 
flowering world’’. Kerguelen was certainly visited by 
Sir Joseph Hooker, but this island is usually con- 
sidered as being in the southern part of the Indian 
Ocean and not in the Pacific. It is unfortunate that 
the desire for simplification of language has led to 
the use of such phrases as “tiny acids’’ and to the 
manufacture of such a plural as “‘algas’’. The author 
is obviously a sincere lover of plants and many of 
his philosophical ideas are admirably expressed. 

W. B. Turrim 


Royal Society Empire Scientific Conference, June- 
July 1946 
Report. Vol. 1. Pp. 828. Vol. 2. Pp. 707. (London : 
Royal Society, 1948.) 2 vols., 42s. net. 
4 Report of the Royal Society Empire Scientific 
Conference, June-July 1946, now issued in two 
handsome volumes, includes the speeches at the 
opening ceremony, the papers presented, and recom- 
mendations and notes on the discussions (see also 
Nature, July 27, 1946, p. 136). In addition to 
the ““Notes on Current Scientific Researches in the 
United Kingdom” prepared by the Royal Society, 
various papers on the organisation of scientific 
research in the Colonies, in Canada, India, New 
Zealand, South Africa and Southern Rhodesia give a 
very useful conspectus of the organisation of such 
research throughout the British Commonwealth of 
Nations. The volumes are admirably indexed, and 
the immense amount of information they contain is 
made accessible to the reader in a way worthy of the 
Royal Society and setting a standard that might well 
be followed widely. They constitute both a worthy 
record and a reference work on scientific research, 
information services and related topics in the Empire 
that should be valuable for several years to come, 


R. B. 
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THE EVOLUTION OF THE 
UNIVERSE 


By Dr. G. GAMOW 
George Washington University, Washington, D.C. 


HE discovery of the red shift in the spectra of 

distant stellar galaxies revealed the important 
fact that our universe is in the state of uniform 
expansion, and raised an interesting question as to 
whether the present features of the universe could 
be understood as the result of its evolutionary 
development, which must have started a few thousand 
million years ago from a homogeneous state of ex- 
tremely high density and temperature. We con- 
clude first of all that the relative abundances of 
various atomic species (which were found to be 
essentially the same all over the observed region of 
the universe) must represent the most ancient 
archzological document pertaining to the history of 
the universe. These abundances must have been 
established during the earliest stages of expansion 
when the temperature of the primordial matter was 
still sufficiently high to permit nuclear transforma- 
tions to run through the entire range of chemical 
elements. It is also interesting to notice that the 
observed relative amounts of natural radioactive 
elements suggest that their nuclei must have been 
formed (presumably along with all other stable 
nuclei) rather soon after the beginning of the universal 
expansion. In fact, we notice that natural radio- 
active isotopes with the decay periods of many 
thousand million years (such as uranium-238, 
thorium-232 and samarium-148) are comparatively 
abundant, whereas those with decay periods meas- 
uring only severa! hundred million years are ex- 
tremely rare (as uranium-235 and potassium-40). 
If, using the known decay periods and natural 
abundances of these isotopes, we try to calculate the 
date when they have been about as abundant as 
the corresponding isotopes of longer life, we find 
that it must have been a few thousand million years 
ago, in general agreement with the astronomically 
determined dge of the universe. 

The early attempts to explain the observed relative 
abundances of the elements’? were based on the 
assumption that the present distribution represents 
a ‘frozen equilibrium state’ corresponding to some 
very high temperature and density in an early stage 
of universal expansion. Such equilibrium theories 
lead, however, to the result that the logarithm of the 
relative abundance must be a linear function of the 
nuclear binding energy, which in its turn is known 
to be a linear function of atomic weight. Thus, 
according to that picture, we would expect a rapid 
exponential decrease of relative abundances all the 
way from hydrogen to uranium, in direct contra- 
diction to the observed distribution (circles in Fig. 1), 
which shows a rapid decrease for the first half of the 
natural sequence of elements, but levels up almost 
to a constant value in the second half. 

As the result of this difficulty, I suggested* that 
the observed abundances do not correspond to any 
equilibrium state at all, but, quite on the contrary, 
represent a dynamical building-up process which was 
arrested in a certain stage of its development by a 
rapid expansion of the universe. According to this 
point of view, one should imagine the original state 
of matter as a very dense over-heated neutron gas 
which could have originated (if one lets one’s imagina- 
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tion fly beyond any limit) as the result of hypothetical 
universal collapse preceding the present expansion. 
In fact, the extremely high pressures obtaining near 
the point of complete collapse (singular point at 
t= 0) would have squeezed the free electrons 
into the protons, turning the matter into the 
state of over-heated neutron fluid. When the ex- 
pansion began, and the density of neutron gas 
dropped, the neutrons would be expected to begin 
decaying again into protons, and more and more 
complex nuclear aggregates could be built up as the 
result of the union between the newly formed protons 
and the neutrons still remaining. Such a building-up 
process must have started when the temperature of 
the neutron—proton mixture dropped below a few 
times 10'® ° K., which corresponds to the mutual 
binding energies of these nuclear particles. The 
equations governing such a gradual building-up pro- 
cess can evidently be written in the form : 

dn; : 

> ie Ning My — Ag (¢ = 1, 2, 3,.. .), (1) 
where n; is the number of atomic nuclei of atomic 
weight «, and 2’s are the coefficients depending on 
the collision frequency, and the capture cross-sections 
for fast neutrons in the nuclei of various atomic 
weight. 

The numerical study of these equations was carried 
out by R. Alpher*.*, who used the recent experi- 
mental data on the capture cross-sections of fast 
neutrons. These cross-sections are known to increase 
very rapidly by a factor of several hundred for the 
first half of the atomic weights, and to remain more 
or less constant for the second half; a fact which is 
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of paramount importance for understanding the 
general shape of the abundance curve. Suppose that 
the building-up process goes at a constant density, p, 
for a limited period of time, At; the resulting abund- 
ances will depend apparently only on the product 
At, which determines the total number of collisions 
between the developing nucleus and the free neutrons. 

The results of the computations carried out by 
R. Alpher are shown by continuous curves in Fig. 1, 
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with the values of n, At = £ At marked on each 


curve. It is seen that for very large values of np At, 
the process reaches saturation, and the number of 
the various nuclei becomes inversely proportional to 
the corresponding capture cross-sections. For smaller 
values of n, At, heavier nuclei do not have time to 
build up to the saturation point, and we see from 
the figure that for p At ~ 1-3 x 10°* gm. cm." sec. 
(nn, At ~ 0-8 x 10'* sec. cm.-*) the calculated curve 
stands in very good agreement with the observational 
data. 

The agreement obtained is amplified by the fact 
that the observed abundances show the abnormally 
high values for the isotopes containing the completed 
shells of neutrons or protons (as indicated along the 
atomic weight axis in Fig. 1); in fact, it is known 
that such nuclei possess abnormally small capture 
cross-sections, which would cause the accumulation 
of the material at these particular atomic weights. 
Since the building-up process must have been accom- 
plished within a time period comparable with the 
decay period of neutrons, we have AtZ 30 min. = 
2 x 10° sec., from which it follows that during that 
period the density of matter must have been of the 
order of magnitude 10-* gm. cm.-*. On the other 
hand, since the temperature must have been of the 
order of 10°° K., the mass-density of radiation, 
aT*/c*, was comparable with the density of water. 
Thus we come to the important conclusion that, at 
that time, the expansion of the universe was governed 
entirely by radiation and not by matter. 

In this case the relativistic formula for the ex- 
pansion can be written in the form‘, 


ajdt = 4/28 Dy (2) 


where / is an arbitrary distance in the expanding 
space, and the constant term containing the radius 
of curvature is neglected because of the high value 
of the density. Remembering that for the adiabatic 
expansion of the radiation 7’ ~ 1/l, we can integrate 
(2) into the form: 


. oe 
. 3c? 1 2-14 x 10° ,,- , 
Ta Vega ee I eK. 
For the mass-density of radiation we have: 
3 l 4-5 x 10° 
Prad, == 39-G . 2 = 2 = gm.cm.~3, (4) 


For the density of matter we must evidently write : 
 ' ‘a 
Pmat. = pila gm.cm.*, (5) 


where pg, is to be determined from the conditions of 
the nuclear building-up process. It can be done in 
the simplest way by considering the building up of 
deuterons by proton—neutron collisions. Writing X 
for the concentration of neutrons (with X(0) = 1), 
and Y for the concentration of protons (with Y(0)=0), 
we obtain the equations : 
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dX . 

Ge = —>X — Fe evs, 

dY oe ae (6) 
dt “oe ~ m °%> 


where v is the thermal velocity, and o the capture 
cross-section which (for the energies in question) can 
be sufficiently accurately represented by the formula’ : 


23/trethes'* 
sha mic ‘RE (7) 


¢ = 2:19 MeV. being the binding energy of the 
deuteron. Expressing v and EZ through the tempera- 
ture, and using (3), we can rewrite (6) as: 





x a-~x~ =, 
t t (8) 
dY aX Y 
=-~=a + X— —-——, 
dz tT 
where +t = At and: 

913 /2--5 /4pth oS /2¢p1 '4qi'4 

t= — Faye agua * Po (9) 


In order that the equations (8) should yield Y = 0-5 
for t-» (since hydrogen is known to form about 
50 per cent of all matter), the coefficient « must be 
set equal to 0-5. The change of X and Y with time 
in this case is shown in Fig. 2, which also indicates 
the corresponding variation of temperature. Assum- 
ing « = 0-5, we find from equation (9) that p, = 
0-72 x 10-*, which fixes the dependence of material 
density on the age of the universe. 

Once we have frag. 2nd pmat. as functions of time, 
we can follow the physical processes taking place 
during the further expansion of the universe, and in 
particular calculate the masses and sizes of the con- 
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densations of that primordial gas which must have 
originated sooner or later according to Jeans’ prin- 
ciple of gravitational instability*. Jeans’ classical 
formula gives the diameter D of the condensations 
which will be formed in a gas of temperature 7’ and 
density p in the form: 


l0dx 3 
3 kT. 





6 oe 
~_— 9mGp “2 (10) 
Using the expressions (3) and (5), we get : 
931/857 475/45 lied la 
Ba = 5 ehh te (11) 


327/818 Ae 8 /4Q7/s 
(where a has been expressed through other funda- 
mental constants). 

It is interesting to notice that the time-factor can- 
cels out in the calculation of M, so that the mass of 
the condensations comes out the same, independent 
of the epoch when they were formed. It seems, 
however, reasonable to assume that the effect of 
gravitational instability became important only when 
the mass-density of radiation became comparable 
with the density of matter, since it is hard to imagine 
@ ‘gravitational condensation of pure radiation’. 
Using (4) and (5), we find that prag. = pmat. = 
3,x 10-** gm.cm.~* att = 3-9 x 10" sec. = 1-3x 10* 
years, at which point JT = 340° K. For this value 
of t we obtain : 

245/851 /4--7/493f3/4e15'4 





327 '8yy28 4035 4s /4 (12) 
Substituting numerical values, we have : 
M = 5-5 x 10 gm. = 2-7 x 10" sun-masses 13) 
D = 1-3 x 10” cm. = 13,000 light-years, 


which must represent the masses and the ;diameters 
of the original galaxies. 

The above estimate of galactic masses falls short 
by a factor of about one hundred from the mass- 
values of galaxies obtained from astronomical data. 
But it must be remembered that the simple Jeans’ 
formula used in these calculations does not take into 
account the effect of radiation pressure, and also is 
applicable only to the gravitational condensations in 
non-expanding space. The effect of additional radia- 
tion pressure (which is quite important according to 
the previous ¢gonsiderations) and the tearing force 
of expansion will lead to considerably larger con- 
densation masses. The detailed study of this question 
will require, however, the extension of Jeans’ classical 
arguments for the case of a mixture of gas and 
radiation in the expanding space. At the present 
stage one should be satisfied with the fact that, by 
such comparatively simple and rather natural con- 
siderations, masses and sizes comparable to those of 
stellar galaxies can be expressed in terms of funda- 
mental constants, and the basic quantities of nuclear 
physics. 

We may add that, according to the above picture, 
the galaxies have been originally formed in the purely 
gaseous form (including a certain amount of solid 
dust particles), which must account for the regular 
shapes of rotating bodies. The formation of individual 
stars within the galactic bodies must have taken 
place at a somewhat later stage, probably along the 
lines of the Spitzer— Whipple theories*.**. When 
stars were formed by the condensation process within 
the rotating gaseous mass, their tangential velocities, 
being equal to the original velocities of the gas- 
masses, were clearly not high enough to maintain 
them on circular Kepler orbits, so that the newly 
formed stars must have been moving along elongated 
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elliptical orbits with the points of maximum elon ation 
in the places of their origin. This situation must have 
remained essentially unchanged even when al! the 
material of originally gaseous galaxies was used up 
in the formation of stars. 

These considerations give a simple explanation of 
the otherwise mysterious fact that the elliptica! gal. 
axies and the central bodies of spirals rotate ‘as solid 
bodies’ with the linear velocities proportional to the 
distance from the axis. In fact, according to our 
picture, the maximum Doppler displacements ob. 
served at various distances from the axis correspond 
to the velocities of stars passing through ‘aphelion’ 
at these particular distances, and, according to the 
previous argument, are equal to the velocities which 
the gas-masses must have had in these regions prior 
to their condensation into the stars. 


v. Weizsicker, C., Phys. Z., 39, 633 (1938). 
* Chandrasekhar, 8., and Henrich, L. R., Astrophys. J., 95, 288 (| 942) 
*Gamow, G., Phys. Rev., 70, 572 (1946). 
‘ ee, ®. A., Bethe, H. A., and Gamow, G., Phys. Rev., 73, 303 
1948). 
* Alpher, R. A., Phys. Rev. (in the press). 
*Tolman, R. C., “Relativity, Thermodynamics and Cosmology” 
(Clarendon Press, Oxford, 1934). 
* Bethe, H. A., “Elementary Nuclear Physics’ (John Wiley and 
Sons, 1947). 
* Jeans, J., “Astronomy and Cosmogony’’ (Cambridge University 
Press, 1928). 
Spitzer, jun., L., Astrophys. J., 95, 329 (1942). 
‘’ Whipple, F., Astrophys. J., 104, 1 (1946). 


COASTAL WAVES* 


ECENT investigations by the Admiralty have 

shown that storm waves and the swell that 
leaves the storm area are composed of a mixture of 
wave-trains, the wave-lengths of which range from a 
few feet up to a maximum which depends on the 
greatest wind strength, and may be as much as 
3,000 feet. It seems remarkable that such component 
wave-trains should travel independently across the 
ocean, and that all except the very shortest should 
be recognizable after travelling thousands of miles ; 
but such close agreement with theory has been 
demonstrated, and the component wave-trains have 
been found to advance across the ocean with the 
theoretical velocities appropriate to their lengths. 

The short waves formed at the beginning of a 
storm are overtaken and outdistanced by long 
waves formed when the wind is strongest. With the 
help of new wave-recording and analysing apparatus, 
each wave-length can be detected and its amplitude 
measured when it arrives at a distant coast, and the 
waves recorded on the coast of Cornwall are found 
at times to be a mixture of waves generated near the 
coast with swell-components from more than one 
North Atlantic storm, and with other swell, probably 
a few inches high, which was generated in a storm 
so far away as Cape Horn. 

The visible crests and troughs are the result of the 
combination of trains of waves of different lengths, 
and since such waves travel with different velocities, 
the wave-pattern is continually changing. When 
some of the component wave-trains get into step and 
reinforce each other, they produce a group of typical 
waves with relatively high crests and deep troughs ; 
but when they get out of step and tend to neutralize 

* An account of the symposium held at the meeting of Section A 
(Mathematics and Physics) of the British Association on September 9, 


in which Brigadier R. A. Bagnold, Mr. N. F. Barber, Dr. G. E. R. 
Deacon and Major W. W. Williams took part. 
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each Other, the wave-crests are low and irregular. 
Such interaction between component Wave-trains 
explains the recurrence of sequences of high and low 
waves that is often observed ; it is not necessarily 
the fifth, seventh or any other number of wave that 
is always the highest, but there is often sufficient 
regularity to suggest a rhythm, and to allow the 
coxswain of a boat to take advantage of one of the 
quiet periods. There is most likely to be a noticeable 
rhythm when a narrow range of wave-lengths is 
present, as in long swell from a distant storm. 
Although the variability of the wave-pattern on 
deep water and of the height of the that 
approach the beach depends on the interaction of 
component wave-trains, such interaction appears to 
be suspended when the waves reach very shallow 
water ; here they rise into sharp crests separated by 
wide, flat troughs, and each crest seems to travel 
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crests 


independently of its neighbours. 

One of the most noticeable changes in waves 
entering shallow water is an increase in height. The 
reason, according to an explanation given by Lord 
Rayleigh in 1911, is essentially that the velocity of 
a wave decreases as the depth of water decreases, 
and the height of the wave increases since it must 
carry energy towards the shore at the same rate. 
The increase in height depends on the wave-length, 
and long swell may rise to as much as twice its deep- 
water height ; it may become apparent for the first 
tine when it enters shallow water, and such an 
emergence has earned for it the name ‘ground-swell’. 

When waves approach the shore obliquely, the 
ends which reach shallow soundings first travel 
slower than the seaward ends, and the waves swing 
round until they are nearly parallel to the beach. 
In this way waves can swing round headlands and 
islands, and enter bays not directly exposed to their 
original direction; the effect is more marked with 
long waves, and a long swell may round a headland 
that offers complete protection against shorter wind- 
A shallow spit extending out to sea tends to 
focus the wave-energy; but a deep gulley pointing 
into shallow water the wave-energy to be 
refracted towards the sides and offers quieter water 
in the middle. Waves are also affected by tidal 
streams, and Mr. N. F. Barber argued that waves 
travelling at 20 knots in still water would make no 
progress against a tidal stream of 5 knots but would 
steepen and break. Waves meeting a tidal stream 
obliquely will be refracted, and the theory suggests 
that a tidal stream may protect an anchorage. 

Brigadier R. A. Bagnold, dealing with the move- 
ment of sand and shingle, described model experi- 
ments in which it could be seen that long waves 
approaching a beach give rise to a strong drift of 
water along the bottom in the direction of wave 
travel; this movement is continued as far as the 
plunge-line, where the waves break, and there the 
water appears to rise from the bottom to form a 
backward drift at the surface. He remarked that we 
have no exact knowledge of what happens on the 
bed of the sea, although it is of great importance to 
engineers to predict the movements of sand and 
shingle ; the necessary observations on the sea bed 
would be difficult and expensive, but it is quite 
possible to make them. 

Mr. Barber put forward theoretical reasons for 
believing that the movements in the sea would 
resemble those observed in the model. Waves cause 
a small transport of water in their direction of travel, 
greatest at the surface but almost as large at the 


waves. 


causes 
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bottom if the waves are long. It is not likely to be 
affected to any appreciable extent by friction with 
the bottom, since the vorticity associated with the 
oscillatory movements of the waves is continually 
changing sign and therefore unable to diffuse far above 
the bottom. The seaward drift which must com- 
pensate for the shoreward transport can, on the 
contrary, be treated as a unidirectional flow for 
which the effect of the bottom drag will be greater, 
and its velocity will be a maximum at the surface 
and zero at the bottom. The resultant effect of 
bottom friction and viscosity on the wave-transport 
and the compensating seaward drift should be a 
seaward drift at the surface and a shoreward move- 
ment at the bottom; if the waves are short, there 
would be a shoreward movement at the surface and 
the bottom and a seaward movement in the inter- 
mediate depth. For waves 3 ft. high Mr. Barber 
estimated the velocity of such movements to be of 
the order of 5 cm. a second. 

Little information is available of the water move- 
ments between the breakers and the beach. In the 
model experiments the movements in this part of 
the tank are difficult to observe because of the strong 
turbulence ; but it was found that dye put into the 
water between the plunge-line and the beach showed 
little tendency to pass outwards across the plunge- 
line. One of the consequences of the termination of 
the forward movement at the plunge-line is that 
sand tends to accumulate there; it was also found 
that the sand does not move uniformly towards the 
shore but as a series of regularly spaced bars, the 
spacing being of the same order as the wave-length. 
In the sea, the formation of bars is complicated by 
the shifting of the breaker zone relative to the beach 
as the tide rises and falls, and they are observed 
particularly off coasts where the tidal range is small. 
Major Williams mentioned the research into the 
effect of waves on beaches that is being undertaken 
in the Department of Geography at Cambridge, and 
made special reference to widespread occurrence of 
bars in the Mediterranean Sea. They were a consider- 
able hazard during landing operations, since men, or 
vehicles proofed for a certain depth, would find water 
too deep for them if they left a vessel which had 
grounded on a bar. The movements of such bars are 
being studied in relation to the waves and other 
factors. 

Major Williams also described how the reduction 
in the velocity of waves entering shallow water had 
been used to obtain accurate information about the 
underwater profile of the beach. By comparing 
successive aerial photographs of known scale, the 
wave-length and velocity of waves at different 
distances from the shore could be measured and the 
beach profile calculated. 

In the discussion which followed, it was remarked 
that observations and theory tend to discount 
reports of strong undertow below waves, and suggest 
that the resultant movement, after allowing for the 
backward and forward movement of the waves, is 
towards the shore. The evidence of a seaward 
movement at the surface appears, on the other hand, 
to grow stronger. On the coast of California in 
particular, it has been observed that strong outward 
movements may develop at certain points on the 
beach, presumably where the seaward drift is con- 
centrated; the position and intensity of such 
‘rip-currents’, as they are now called, may vary, but 
they tend to be associated with some irregularity in 
the beach or where some natural or artificial barrier 
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extends to seaward. Together with the local tidal 
streams they may account for the danger of bathing 
in certain localities ; they can sometimes be detected 
because foam or discoloured water is seen moving 
outwards through the breakers. It is reasonable to 
suppose that they are stronger with high waves, 
especially when a group of high waves is followed by 
a group of low waves, since the high waves will tend 
to build up a head of water on the beach. Little is 
known of the behaviour of breaking waves, but it 
has been assumed with some success that the wave 
breaks when the water-particle velocity, which 
depends on the height of the wave, exceeds the 
wave-velocity, which depends on the depth of water. 
Such an argument implies a close relationship 
between the height of a wave and the depth of water 
in which it will break ; and it has been shown that 
there is a tendency for waves to break when the 
ratio of water-depth to wave-height is four-thirds. 
Prof. J. D. Bernal gave an evening discourse on 
“‘Waves and Beaches” on September 13; all avail- 
able tickets were issued before lunch-time on the 
first day of the meetings, and the close attention of 
the crowded hall showed a lively interest in the 
subject as well as appreciation of the inspiring 
lecture. After summarizing the studies made during 
and since the War, Prof. Bernal described their 
application to military purposes and the prevention 
of coastal erosion, and showed how a better know- 
ledge of the transport of sand and shingle by waves 
would be useful in geological studies. In discussing 
coastal erosion and other coastal engineering prob- 
lems, he remarked that no other industry spent such 
a small proportion of its outlay on research, or stood 
so much in need of accurate knowledge of the basic 
principles involved and of some central authority. 


MULTIPLE ALLELOMORPHS IN 
COLOUR VISION 
By Dr. R. W. PICKFORD 


Department of Fsychology, University of Glasgow 


VIDENCE has been found that the main forms of 

defective red-green colour vision in man are 
multiple allelomorphs, alternative to each other and 
to the normal form!'. In order to prove this hypothesis 
it would be necessary to show: (a) that the forms of 
red-green vision are discontinuous variations ; (6) that 
they are inherited true to type; (c) that they segre- 
gate independently ; and (d) possibly that they have 
an order of dominance. It will be seen that the 
evidence in favour of the hypothesis is very strong. 


Discontinuous Variations 


The question is very important whether or not the 
well-known variations of colour vision, two of which 
are generally called red-green blindness, are the 
extremes of a continuous normal curve. Rayleigh’ 
threw doubt on the continuous nature of these 
variations in 1881. He showed that there were red 
and green anomalous subjects who were characterist- 
ically different from the normal, from each other and 
from the red-green blind as well. This has been 
confirmed by Pickford’. In addition, Rayleigh 


indicated in the same paper that the two types of 
red-green blindness were also distinctively different, 
a conclusion supported by von Kries and Donders*® 
and by Pickford more recently‘; 


while Houstoun 
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showed by means of his microscope test® that the 
major red-green defectives formed a small and rather 
irregular group separated clearly from the large 
group of normal subjects. 

In a@ recent investigation upon some 900 normal 
and more than 140 red-green defective subjects (the 
latter not all found by chance), I have found conv ine. 
ing evidence of a statistical kind that there are four 
or probably five distinct types of red-green vision in 
addition to the normal form. This research wi!! be 
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published in full as soon as possible (J. Psychol., in 
the press). The types are: deuteranope, protan pe, 
green anomalous and red anomalous, the latter being 


divided into two classes, those with and those without 
the darkened red of the protanope. Whether the two 
types of red anomalous subjects are statistically 
distinct is difficult to decide finelly on the basis of 
the eight cases available, but it is extremely like! 

Adequate tests, which will be published shortly 
show that the anomalous subjects are not to be viewed 
as the intermediates between the red-green blind and 
the normal. To think of the green anomalous as 
intermediate between the normal and the ‘green. 
blind’, while the red anomalous might be intermediate 
between the normal and the ‘red-blind’, is highly 
tempting. There are, however, grave objections to 
this: (1) neither class of anomalous subjects is 
sufficiently variable to fill the gap it is supposed to 
occupy ; (2) both the so-called ‘red-blind’ and ‘green- 
blind’ are, in fact, red-green blind ; (3) though most 
red-green blind subjects are more defective, some are 
actually less defective than the anomalous, who are 
possibly to be identified with Houstoun’s “‘colour- 
different” subjects*. Edridge-Green was well aware 
that the anomalous were not true intermediates’. It 
was only in terms of the Young—Helmholtz theory, 
now rapidly becoming more and more difficult to 
sustain®»*, that they could be thought of as true 
intermediates ; indeed, it has long been realized’®, as 
Rayleigh foretold", thet the red-green blind cannot 
be divided into the ‘red-blind’ and ‘green-blind’ 
classes, but must be divided on the principle that 
while both types are red-green blind, in the pro- 
tanopes or scoterythrous the red end of the spectrum 
is greatly darkened, and in the deuteranopes or 
photerythrous there is no darkening of the red. That 
about half of the red anomalous do not have the 
darkened red of the protanope is a fourth objection 
to treating them as intermediates. 

It is inevitable that we should conclude that there 
are four (or probably five) types of major red-green 
vision defects, which are as clearly discontinuous 
from each other and from the normal as is usual with 
familiar Mendelian allelomorphs. 


Inheritance True to Type 


Few people have realized the implications, for the 
theory of inheritance of colour vision defects, of 
Rayleigh’s pedigree’? showing the green anomalous 
condition in three of his brothers-in-law. The seven 
siblings he tested are shown in Pedigree 1*. The 
three brothers who were green anomalous inherited 
the defect true to type, and were completely different 





3? x 9H? 
$9 69 d9 SN 9HorN QHorN d H or N 
Pedigree 1* 
* Throughout this paper N = normal, d = deuteranope, Pp = pro- 
tanope, ¢@ = green anomalous, r = red anomalous, = ‘normal’ 


heterozygote (see section on heterozygotes wy in this article), ? = 
doubtful owing to inadequacy or lack of tes' 
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from the other brother, who was normal, and from 
the sisters, who appeared to be unaffected. This 
pattern of inheritance fits the Mendelian scheme for a 
recessive sex-linked allelomorph, which would be for 
the green anomalous condition in this case. 

Several published pedigrees show that the same 
Mendelian principles apply to the red anomalous 
condition (protanomaly)'*, to the green anomalous 
condition (deuteranomaly)', to deuteranopia’®, and 
to protanopia'*, although it is only too well known 
that some tests in common use have not been above 
scientific criticism, and that the difficulties of collect- 
ing information from relatives for the completion of 
such pedigrees are always very great. 

I have confirmed the implications of these pedigrees 
in every respect, with the exception of not having 
had the good fortune to trace the red anomalous 
condition in the relatives of an affected subject 
because the relatives were inaccessible. Pedigrees 2, 
3, 4, 5 and 6 are good examples taken from a large 
collection*. All pedigrees which have been collected 
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show that the defect is inherited in such a way that 
it is either manifested true to type (whether in a 
man or in & woman), or does not appear; and that 
the mode of inheritance is invariably that of a 
Mendelian sex-linked recessive’’'*. Other experi- 
ments have shown that it is, in fact, an incomplete 
recessive, since it generally appears in a small and 
recognizable degree in normal heterozygotes’*. Even 
where the defect appears to pass from father to son**, 
the sex-linked pattern is not necessarily contradicted, 
because it is probable that the mother was a hetero- 
zygote, and unless this possibility is excluded we 
cannot be sure of transmission directly from father 
to son. The fact that I have found the following 
three pedigrees (7, 8 and 9) shows that the greatest 
care is needed concerning this point. Finally, I have 


found, without exception, that the defects are 
a@x Oz x 9H 9H? x3 N x 2H? 
. ! ’ e | First Second 
| | ! | 
éd od gN? SN? } od 
Pedigree 7 Pedigree 8 Pedigree 9 


inherited not only true to type, but also in degree. 
That is to say, an extreme deuteranope’s defective 
relatives are also extreme deuteranopes, & moderate 
deuteranope’s are moderate, and similarly for 
protanopes. 


* Where there is a query (?), good evidence, though falling short of 
& perfectly adequate test, indicated the condition. 
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Independent Assortment 


The independent assortment of types of colour- 
vision defect is clearly shown by certain published 
pedigrees, in spite of the possible inadequacy of the 
tests used. For example, the independent assortment 
of the red anomalous (protanomalous) condition and 
an unspecified form of red-green blindness is shown 
by a pedigree due to Géthlin™. That of the deuter- 
anope and an anomalous condition unspecified is 
shown by pedigrees due to Guttmann**, that of the 
deuteranope and the green anomalous (deuterano- 
malous) condition by pedigrees due to Géthlin and 
Wdlffin™; while that of the green anomalous 
(deuteranomalous) condition and an unspecified form 
of red-green blindness is shown by a pedigree due to 
Déderlein™. Finally, the independent assortment of 
protanopia and deuteranopia is shown by certain 
pedigrees in which there are some members with one 
and some with the other defect**, and one in which 
father and son had different defects**, as in my 
Pedigree 8. It is most unfortunate that many of the 
collectors of pedigrees of colour blindness have not 
realized the importance of specifying exactly the 
type and degree of defect (if any) of each person 
tested, and, indeed, even more unfortunate that no 
adequate test has been available in the past for 
separating the types with complete certainty. In 
the absence of an adequate method of measuring 
their heights, we should never have been certain that 
short peas were on the average shorter than tall peas 
by an amount differing to a statistically significant 
degree from zero. Nevertheless, in colour vision, the 
evidence favouring the hypothesis of the independent 
assortment of red-green major defects in general and 
the normal condition is overwhelmingly great, while 
that favouring the same hypothesis in relation to the 
different types of defect among themselves is very 
great indeed. 


Order of Dominance 


The most convincing evidence for the theory that 
the statistically distinct forms of sex-linked red-green 
colour vision defect are multiple allelomorphs might 
come from a study of their combinations. These 
combinations, however, can occur only in women, 
and any possible evidence concerning the effects of 
combinations of defective genes in the same hetero- 
zygote will be confined to a proportion of the 0-61 per 
cent*? of major defective women. The smallness of 
this percentage makes research very difficult, and 
shows that it is of great importance that as many 
red-green defective women as possible should be 
discovered and persuaded to undergo adequate tests, 
together with a sufficient number of their male 
relatives on both sides of the family, to indicate their 
genotypes conclusively. 

In the present investigation, fifteen red-green 
defective women were tested efficiently, up to the 
time of writing, and their pedigrees did in four cases 
give indications of the possible effect of combinations 
of different allelomorphic genes, though these were 
unfortunately all of the same kind. They are Pedi- 
grees 10, 11, 12 and 13. In Pedigrees 10 and 11 the 
fathers had been dead some time ; but there was good 
hearsay evidence from the relatives that they had 
been (a) colour blind rather than anomalous, because 
the anomalous rarely become noticed for colour 
mistakes in the family circle, and (6) deuteranopes 
rather than protanopes, because protanopes usually 
become notorious by confusions relating to red and 
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black or another dark colour, and in these cases that 
kind of confusion was not mentioned. In Pedigrees 12 
and 13 all rélatives were given adequate tests. The 
four cases all strongly support the view that the 
daughter was a heterozygote for deuteranopia and 
the green anomalous condition together, and that the 
latter was dominant. The possibility that one of the 
untested fathers was a protanope must be borne in 
mind, and it would carry with it the implication that 
the green anomalous condition was still dominant. 

In four published pedigrees the underlying prin- 
ciple is the same**. All these pedigrees will be found 
to include a group of relationships such that a green 
anomalous woman must have been a heterozygote 
for green anomaly and deuteranopia together, thus 
again indicating that the green anomalous condition 
was dominant; and in one of these pedigrees the 
two conditions segregate independently in the two 
sons, one of whom is a deuteranope and the other 
green anomalous. 

Four other cases quoted by Bell are also very 
interesting. One due to Géthlin® shows two sons as 
protanopes, while the father and maternal uncle are 
both deuteranopes. Here it would not be an unlikely 
hypothesis that the mother was a protanope hetero- 
zygote, inheriting that condition from her father, for 
her two sons, who must follow the mother, are both 
protanopes. Another case, also due to Géthlin*®, 
shows two sons as deuteranopes, two as protanopes 
and the daughter as normal, while both parents were 
said to have been normal. A case due to Jeffries** 
shows one son a protanope and the other a deuter- 
anope, while no information is given about the 
parents. In these two pedigrees the mother might 
possibly’ have been a heterozygote for protanopia and 
deuterenopta together, and, since she was believed to 
be normal in the one case while no information was 
given about her in the other, the possibility arises 
that this particular heterozygote does not differ much 
from the normal condition, though it is more likely 
that the defect was not revealed by the tests used. 
A fourth case, due to Hess**, shows father and 
daughter as deuteranopes, though it is not known for 
what condition the mother was a heterozygote. It 
is clear that added information in this case would 
have been most valuable, as in so many others. 


Heterozygotes 


If it is true that there are five defective allelomorphs 
for red-green colour vision, then the possible number 
of genotypes in women will be twenty-one. Of these, 
one will be the normal homozygote, five defective 
homozygotes, five normal heterozygotes’and ten will 
be defective heterozygotes. The probable frequencies 
of these genotypes may be calculated from the 
observed frequencies of the corresponding defects in 
men*’, and some would be very rare indeed. It has 
been shown that the majority of the normal hetero- 
zygotes have a small red-green defect’*. Fuller study 
of these and of the other combinations would be most 
valuable. 
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Conclusion 


The hypothesis that there are six multiple allelo. 
morphs for red-green colour vision and its defects jn 
man is supported by the following evidence: (a) At 
least four and probably five different types of red. 
green sex-linked defect are statistically distinct, 
namely, deuteranopia, protanopia, green anomaly, 
red anomaly with and red anomaly without the 
darkened red of the protanope. (6) Many pecligrees 
indicate that these are inherited true to type, or not 
at all. (c) Many pedigrees show that these types 
segregate independently. (d) Eight pedigrees show 
that the green anomalous condition is dominant to 
that of the deuteranope, while all the defective forms 
are recessive to normal red-green colour vision. 
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OBITUARIES 
Prof. Alan F. C. Pollard 


Frw people in the world of science and engineering 
have had such a strong sense of order and direction 
as Alan Faraday Campbell Pollard, who died suddenly 
at the age of seventy years at Thames Ditton on 
August 15. He was essentially a crusader, and his 
sense of mission was such that he spared no amount 
of trouble and effort to further the objects in which 
he so optimistically believed. He will perhaps be 
best remembered both for his efforts to reform methods 
of instrument design on a sound scientific basis, and 
not less for his untiring advocacy of comprehensive 
schemes for indexing scientific literature and, in fact, 
all serious knowledge. He was fortunate that in these 
things he seemed, comparatively late in life, to find 
his true mélier, when the very varied experiences of 
his earlier days had given him a foundation on which 
to build. 
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The son of Lieut.-Colonel B. H. Pollard, of the 
Indian Staff Corps, he thought at first of an Army 
career, but later studied medicine at St. Bartho- 
lmew’s Hospital and King’s College, » London. 
(ireunstances making it impossible for him to com- 
plete his medical training, he turned to engineering, 
which he studied at University College and (as an 
apprentice) at Siemens Bros. However, during his 
period at University College, he acted for some time 
as demonstrator and assistant to Prof. Karl Pearson, 
a contact which powerfully affected his thought and 
methods. 

In 1911 Pollard joined the staff of Nobels Explo- 
sives, Ltd., and established a _ special physical 
laboratory at Croydon for this firm. He was presently 
given the post of chief physicist and superintendent 
of the firm’s testing station, but on the outbreak of 
war in 1914 he was gazetted a second lieutenant in 
the Royal Scots Fusiliers (having previously held a 
commission in the militia forces). In 1918 he was 
appointed sub-director of the Instrument Section in 
the Ministry of Munitions (Aircraft Production) and 
was gazetted captain in the R.A.F. However, the 
exigencies of war had led to the formation of a 
Technical Optics Department at the Imperial 
College, under the directorship of the late Prof. F. J. 
Cheshire, and Pollard was appointed to the chair of 
instrument design, which he held until he reached 
the age of sixty-five. Even then he seemed to have 
lost little of his health and vigour, and until his 
death he was director and consultant to Messrs. 
Daniel Varney, Ltd. He was awarded the degree 
of D.Se. (Engineering) in 1943. He was made a 
professor emeritus of the Imperial College and held 
numerous honorary posts of public importance. 

Being extremely inventive and versatile, Pollard 
developed many instruments and appliances, in- 
cluding a new nephelometer, appliances for artificial 
limbs, reflector lights, an interchangeable nosepiece 
for microscope objectives, and many other things. 
He felt very strongly that instrument makers in 
Great Britain were dominated by ideals more appro- 
priate to heavy engineering production than to 
scientific instruments, and he turned to the kinemat- 
ieal theories of Clerk Maxwell as a satisfactory basis 
for reform. His views were expounded especially in 
his Cantor Lectures to the Royal Society of Arts in 
1922, and in a book on “The Kinematical Design of 
Couplings in Instrument Mechanisms”, published in 
1929 by Adam Hilger, Ltd. He tried to show that 
instrument design is essentially a special subject and 
demands a discipline all its own. Although his chair 
at the Imperial College has not so far been filled, it 
may be claimed that his influence can be felt in such 
steps as the beginning of the new Department of 
Instrument Technology at the Northampton Poly- 
technic, London, and in numerous examples of 
modern instruments in which kinematical principles 
are employed. 

Pollard had essentially a tidy mind, and he loved 
card-indexes and files. His personal possessions were 
well catalogued ; he did not keep his gospel merely 
for others. This trait was sometimes the source of 
quips by others with more haphazard methods— 
‘slovenly’ was his most severe word of scorn, and 
there was unholy joy when on one occasion he was 
human enough to lose a library book. The Universal 
Decimal Classification made an instant appeal to 
him, and he not only became an enthusiastic advocate, 
but also contributed very materially to its develop- 
ment in the field of optics. He became the first 


president of the British Society for International 
Bibliography in 1927, and took a leading part in the 
conferences of the International Federation for 
Documentation held on the Continent. A noteworthy 
address was on “A Proposed Plan for the Mobilization 
of the Bibliographical References to the contents of 
the World’s Non-fiction Literature’’, in which there is 
a plan for National Bureaux of Information which 
might, working under an International Information 
Council, make (and keep up to date) complete 
U.D.C. indexes of human knowledge; for a student 
of a special subject might then obtain all the useful 
references to papers or books in his field simply by 
citing the appropriate classification numbers. He 
beheld with dismay human knowledge growing not 
only out of control but also out of reach. Like H. G. 
Wells, he believed in wisdom as contained in books, 
and wanted badly to make it accessible. He will be 
missed in an age in which such optimism is more 
rare, but at least he has helped us to grasp the 
magnitude of the problems involved. 

Pollard had a wide circle of friends both in Great 
Britain and abroad, and was always willing to give 
time and attention to those who asked his help or 
advice. In 1915 he married Gabrielle, daughter of 
Mr. Frederick Urwick, and he leaves also a son and 
a daughter. L. C. Martin 





Mr. G. J. Arrow 


WE regret to record the death on October 5, after 
a brief illness, of Gilbert John Arrow, late deputy 
keeper in the Department of Entomology in the 
British Museum (Natural History). Born on Decem- 
ber 20, 1873, the son of John Garner Arrow, of 
Streatham, Arrow was trained for the profession of 
architecture, but in 1896 entered the more congenial 
service of the British Museum (Natural History) at 
South Kensington. Here he was assigned to the 
study of beetles and early specialized on the Lamelli- 
cornia, upon which group he soon made himself an 
authority. His greatest work was the four volumes 
on the Lamellicorn Coleoptera of the Fauna of India 
series. He also contributed numerous papers, more 
than a hundred in all, to the Transactions of the 
Royal Entomological Society of London, the Annals 
and Magazine of Natural History, and other scientific 
journals. 

Mr. Arrow retired under the age limit in 1938, but 
continued voluntarily his work at the Museum until 
within a few weeks of his death. This work was of 
untold value to the Museum, especially during the 
war years and the trying times that followed, and 
was recognized by the Trustees of the Museum by 
the bestowal upon him recently of the special dis- 
tinction of ‘honorary associate’ of the British Museum. 
His imperturbability was immense; he would con- 
tinue calmly at work during air-raid warnings, and 
even when found under a shower of glass when a 
flying bomb fell almost outside his window, his main 
concern was that he could not find his spectacles. 

He was a great lover of music, and did much to 
encourage musical talent among the junior members 
of the Museum staff until increasing deafness made 
this no longer possible. He was also an expert photo- 
grapher and would frequently use his own photo- 
graphs in illustration of his papers. 

He married in 1912 Miss Rachel Katharine Davis, 
who survives him, and to whom we would tender our 
sincere sympathy in her bereavement. 

K. G. Bua 
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Skull of Proconsul from Rusinga Island 


THE second season’s work of the British-Kenya 
Miocene Expedition in the Kavirondo region of Lake 
Victoria has culminated in one of the most important 
discoveries yet made there. Dr. L. 8S. B. Leakey, 
the field director of the Expedition, has announced 
the finding on Rusinga Island on October 2 of the 
greater part of a skull of one of the species of Miocene 
apes belonging to the genus Proconsul, probably Pr. 
africanus (Hopwood). Up to now, fossil remains of 
Miocene and Pliocene apes in Africa and other parts 
of the world have been practically confined to teeth 
and fragments of jaws, and this new discovery for 


Skull of Proconsul. On the left are centimetre and inch scales. 
+ natural size 


the first time provides information regarding the 
whole of the facial skeleton and much of the brain 
case. As will be seen from the accompanying photo- 
graph, the jaws and facial skeleton are remarkably 
complete, though they are somewhat displaced by 
distortion on the left side. The forehead region is 
particularly interesting, for it shows a complete 
absence of the supra-orbital torus which is so char- 
acteristic of the modern African anthropoid apes. 
Another interesting feature is the unusual thinness 
of the cranial wall. The specimen is extremely fragile, 
and evidently must have required consummate skill 
for its successful removal from the deposits in which 
it was found. Mrs. Leakey was actually the first 
to see some small fragments of the skull, where they 
had been washed out on the slope of one of the 
gullies which were being explored. She directed the 
attention of her husband who, cutting back into the 
beds, brought to light this most important, and 
indeed unique, fossil. Mrs. Leakey is bringing the 
skull by air to Great Britain, where she expects to 
arrive on October 31, and in the first instance it 
will be deposited at the Department of Human 
Anatomy at Oxford, where it will be studied in 
detail, in connexion with more than a hundred other 
specimens of Miocene fossil apes which the British- 
Kenya Miocene Expedition has collected over the 
last two years. It is particularly gratifying to note 
that this Expedition, which was mainly financed in 
its first year (1947) with the aid of a grant from the 
Royal Society, has proved such an outstanding 
success. Apart from the fine collection of fossil 
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Primate material, many hundred specimens of other 
Early Miocene vertebrates have also been accumu. 
lated. 
Millport Marine Laboratory : Mr. R. Elmhirst 
Mr. R. Exvmurest retires from the directorship of 
the Millport Laboratory on March 31, 1949. His 
association with the Laboratory goes back to 1906, 
when he was appointed to the staff as naturalist, 
after previous experience at Plymouth and Monaco, 
On the resignation of the director, Mr. S. Pace, in 
the following year, he was appointed superintendent 
and has been in charge of the Laboratory, apart 
from service with H.M. Navy during the First World 
War, since that date. He was appointed director in 
1933. For many years Mr. Elmhirst was the Mil!port 
Laboratory, the sole member of the scientific staff, 
and he maintained it in being during the difficult 
years that preceded 1914. After 1921, when financial 
aid came from the Development Commission, the 
staff was enlarged and the Laboratory under his 
guidance made steady progress to its present high 
standing as a research institute. Mr. Elmhirst is an 
accomplished field naturalist who has guided and 
stimulated the interests of generations of students 
and research workers. The Easter classes he has 
conducted at Millport have played a big part in the 
education of British marine biologists, and he has 
lectured on marine ecology in the Department of 
Zoology at Cambridge. As a popular lecturer he has 
long been well known to Scottish audiences. His 
knowledge of the fauna and flora of the Clyde Sea 
area is unique and will be greatly missed when he 
leaves Millport. His observations and experiments 
are recorded in a long series of papers and also in 
his revision of Newbiggin’s “Life by the Seashore”, 


A bibliography of his writings and a more detailed 
account of his career will appear in the annual report 
for 1948-49 of the Scottish Marine Biological Assoc- 


iation. Their many friends will join the members 
of the Association in wishing Mr. and Mrs. Elmhirst 
much happiness in retirement. 

Mr. E. Ford 


Mr. E. Forp, assistant director of the Marine 
Laboratory, Plymouth, will succeed Mr. Elmhirst. 
After graduating at the Royal College of Science, 
Mr. Ford gained the Sarah Marshall Exhibition for 
research work as Huxley Scholar in 1913 and was 
appointed assistant naturalist at Plymouth at the 
end of that year. He served as an infantry officer in 
the First World War, when he was wounded in 
Belgium, and again on the staff of the R.A.F. as 
intelligence officer during 1941-45. His work at 
Plymouth, where steady promotion culminated in 
his appointment as assistant director in 1935, has 
been primarily on fish, and he is the author of 4 
series of admirable studies on larval and post-larval 
fishes, on the life-history of the dogfish, on herring 
and on osteological variation in the backbone and 
the skull. In addition, he extended the quantitative 
survey of bottom fauna, initiated by Petersen, to the 
waters of Plymouth Sound. He was ‘Buckland 
Professor’ in 1936, and his lectures have been pub- 
lished under the title of “The Nation’s Sea-Fish 
Supply”. The Scottish Marine Biological Association 
may be considered most fortunate in persuading Mr. 
Ford to assume tesponsibility for the further develop- 
ment of the Millport Laboratory, where his adminis- 
trative ability, his high scientific attainments and, 
above all, his qualities of friendly leadership will find 
full scope. 
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Mr. Ford will take over scientific staff and equip- 
ment greatly exceeding what existed before the War. 
Apart from Dr. A. P. Orr, recently appointed deputy 
director, and Dr. Sheina M. Marshall, who did so 
much to establish the reputation of the Laboratory 
before the War, the staff now consists of three 
goologists, a chemist and an algologist, while a 
further post has been authorized but is not yet filled. 
Anew research vessel, the Calanus, has recently been 
acquired and is now operating from the Laboratory. 
She is a motor fishing vessel, 75 ft. long, of which the 
hull only was built when she was purchased from the 
Admiralty, so that it has been possible to fit her out 
as a research vessel with all the modern equipment 
needed for both physical and biological investigations 
in the sea. She carries a permanent crew of five, and 
will enable the Millport Laboratory to extend the 
range of its work from the Clyde sea area to the 
west of Scotland generally. A much belated addition 
to the facilities of the Laboratory is the provision 
recently of electric current from the hydro-electric 
grid system. It will now be possible to use standard 
electrical equipment; further, a workshop with 
power-driven tools is being constructed. The Millport 
Laboratory, which has always had the advantage of 
being adjacent to clean waters with a rich fauna and 
flora, has now both the research vessel and the 
laboratory facilities for making full use of its natural 
advantages. 


Prof. P. C. Mahalanobis, F.R.S. 

Pror. P. C. MAHALANOBIS retired from the Indian 
Educational Service and from his post as principal 
of Presidency College, Calcutta, on June 30. He is 


chiefly known as a mathematical statistician with 


wide interests, and particularly as a pioneer in the 
theory_and practice of sample survey. His work in 
building up the Statistical Laboratory at Presidency 
College is appreciated throughout the world, and it is 
undoubtedly one of the best centres for statistical 
research and Advanced teaching. In recent years, 
Prof. Mahalanobis has been largely engaged on the 
Statistical Commission of the United Nations. He is 
still carrying on his scientific work, especially in the 
Indian Statistical Institute, of which he is honorary 
secretary. 


Plant Physiology at Ghent: Prof. Paul Froeschel 


Dr. PAUL FROESCHEL has been appointed professor 
of plant physiology at Ghent State University as a 
successor to the late Prof. G. L. Funke. Dr. Froeschel 
was born in Vienna in 1888. He studied botany and 
especially plant physiology with Julius v. Wiesner, 
Richard v. Wettstein and Hans Molisch, and became 
known for his work on plant irritability and especially 
short phototropic presentation times. After gradu- 
ating, Dr. Froeschel worked with Prof. Linsbauer 
(Czrnowitz), Prof. Goebel (Munich) and Prof. 
Wasitzky (Vienna). At the end of the First World 
War he took up agriculture; he worked on the 
cultivation of medicinal plants, and as an agricultural 
consultant he had the opportunity of becoming 
closely acquainted with agricultural problems. In 
1938, Dr. Froeschel emigrated to Belgium, where he 
was given a place in the department of Prof. Funke, 
director of the plant physiology laboratories of Ghent 
State University. There Dr. Froeschel in the first 
place worked on the growth-inhibiting substances of 
plants, and furnished valuable contributions not only 
to the physiology of these substances, but also to 
their practical use. 
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Cocoa Disease in the Gold Coast 


THE Secretary of State for the Colonies has 
appointed the following commission to visit the 
Gold Coast and report on the measures neces- 
sary for the eradication of swollen shoot disease of 
cocoa trees: Dr. G. Berkeley, of the Dominion 
Laboratory of Plant Pathology, Canada; Dr. W. 
Carter, head of the Department of Entomology, 
Pineapple Research Institute, Hawaii; and Prof. 
van Slogteren, of Holland. Their terms of reference 
are: “‘Having regard to the research work in swollen 
shoot disease of cocoa trees in the Gold Coast being 
carried out by the West African Cocoa Research 
Institute, to study the incidence and nature of the 
disease and to report on the technical measures 
necessary for its speedy eradication”’. 


British Museum (Natural History): Acquisitions 


Tae following acquisitions to the British Museum 
(Natural History) have been announced : Sir Sidney 
Harmer, director of the Museum from 1919 to 1927, 
has presented 374 volumes of reprints and zoological 
publications dealing principally with Cetacea and 
Polyzoa, together with card-indexes of authors and 
subjects. The Governing Body of King’s College, 
Newcastle-upon-Tyne, have given about 10,000 slides 
of Crustacea and Foraminifera containing the type 
specimens of many species collected by the Challenger 
and other expeditions for the exploration of the sea ; 
these slides were prepared by the late Prof. G. S. 
Brady. The extensive collection of Diptera formed by 
the late Colbran J. Wainwright, a recognized author- 
ity on the study of this order of insects, has been 
presented by his daughters, Miss Wainwright and 
Mrs. Reid; the collection is estimated to contain 
approximately 65,000 specimens, of which the greater 
part are from the palwarctic region, although some 
18,000 are from other parts of the world. Finally, 
three important bequests have been made to the 
Department of Botany, the first being the remainder 
of the late Colonel A. H. Wolley-Dod’s herbarium 
and consisting of about 10,000 sheets of British plants 
mainly of his own collecting (Colonel Wolley-Dod 
was the author of ‘Flora of Sussex’’, and his herb- 
arium contains many of the specimens on which 
records were based). Second is the very important 
collection of British and European plants estimated 
at 30,000 specimens and brought together by the 
late Mr. Herbert William Pugsley ; the material is 
excellently preserved and the alpine plants are ex- 
ceptionally good. The third bequest is that of the 
late Mr. J. W. Long’s herbarium of about 15,000 
sheets of British and European plants. 


Marconi Jubilee Congress 


THE publication is announced of the Proceedings 
of the International Congress held in Rome last 
September in connexion with the Marconi Jubilee 
(see Nature, November 29, 1947, p. 473). The volume, 
which comprises some 970 pages and 470 illustrations, 
is published by Dr. Giovanni Bardi, Salita de’ 
Crescenzi 16, Rome, at the price of 4,000 lire. Ina 
preface, Prof. Gustavo Colonnetti, president of the 
Italian National Research Council, describes the aims 
of the Congress, and the success which accompanied 
it with the interested support of many participants 
from various nations. The full texts of the fifty-nine 
papers, of which ten are by British authors, are 
reproduced in the volume, classified in four sections 
under the titles of electromagnetic waves, electric 
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and acoustic oscillations, electronics and radio- 
communication. The papers are published in the 
language in which they were submitted by the 
authors. The numbers of papers in the four sections, 
with those in English indicated in brackets, are : 
14 (9), 21 (8), 8 (5) and 16 (10). The publieation 
provides an interesting survey of the many scientific 
and technical developments in this field in the half- 
century following Marconi’s first successful demonstra- 
tion of wireless signalling. 


New Zealand Earthquakes during June 


DuRinG June, five strong earthquakes were regis- 
tered on the New Zealand seismographs at Arapuni, 
Auckland, Christchurch, Kaimati, New Plymouth, 
Tuai and Wellington. The one on June 28 was that 
which destroyed the Japanese city of Fukui, and 
that on June 29 was felt at Apia with Modified 
Mercalli Scale 5. In addition, twenty-three earth- 
quakes and earth tremors occurred within 10° of 
Wellington. The greatest two of these both occurred 
on June 19 and were felt extensively in South Island 
but particularly near Bruce Bay with Modified 
Mercalli Scale 6. 


The Night Sky in November 


NEw moon occurs on Nov. Id. 06h. 02m., v.T., 
and full moon on Nov. 16d. 18h. 3lm. The following 
conjunctions with the moon take place: Nov. 3d. 
17h., Mars 2° N.; Nov. 4d. 20h., Jupiter 4° N. ; 
Nov. 24d. 02h., Saturn 3° 8.; Nov. 28d. 06h., Venus 
2° N. Mercury rises at 5h. 10m. and 5h. 49m. on 
Nov. 1 and 15, respectively, and can be seen in the 
eastern sky. The planet reaches its greatest easterly 
elongation on Nov. 4. At the end of the month 
Mercury rises only half an hour before sunrise and is 
then too close to the sun for observation. Venus 
rises at 3h. 15m., 3h. 55m. and 4h. 40m. at the 
beginning, middle and end of the month, respectively, 
and can be seen in the morning hours, stellar magni- 
tude —3-5; 0-75 to 0-84 of the illuminated disk is 
visible. Mars is too close to the sun to be favourably 
observed, setting about 1} hours after the sun 
throughout the month. Jupiter sets at 18h. 55m., 
18h. 10m. and 17h. 25m. at the beginning, middle 
and end of the month, respectively, and can be seen 
low in the western sky; but it is not favourably 
placed for observation through the greater portion of 
the month. Saturn, in the constellation of Leo, rises 
at Oh. 45m., Oh., and 23h. at the beginning, middle 
and end of the month, respectively, and is visible 
throughout the morning hours, stellar magnitude 
0-9. Occultations of stars brighter than magnitude 6 
are as follow: Nov. 8d. 17h. 5l-Ilm., 35 Capr. 
(D); Nov. 19d. Olh. 13-Im., 112B Auri. m, (R); D 
and FR refer to disappearance and reappearance, 
respectively, and the latitude of Greenwich is 
assumed. A total eclipse of the sun takes place on 
Nov. 1. The eclipse is invisible at Greenwich, but is 
visible over large portions of the southern hemi- 
sphere. The central line passes through lat. + 3° 42’, 
long. — 22° 03’, at the beginning of the eclipse and 
ends at lat. — 43° 23’, long. — 165° 27’. 


Announcements 


Tue Lord President of the Council has made the 
following appointments to the Advisory Council for 
Scientific Research: Mr. James Bowman, vice- 
president of the National Union of Mineworkers, and 
a member of the T.U.C. Scientific Advisory Com- 
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mittee; Mr. E. Fletcher, secretary of the Research 
and Economic Department of the T.U.C.; and Dr. 
H. W. H. Warren, managing director of Associated 
Electrical Industries, Ltd. 


Tse Cambridge Philosophical Society announces 
that the adjudicators for the Hopkins Prize | aye 
made the following awards: for the period 1939-42, 
to Prof. H. J. Bhabha, for investigations on the 
theory of elementary particles; for the period 
1942-45, to Dr. C. F. Powell, for experimenta! in. 
vestigations in auclear physics, including develop. 
ment of the photographic plate technique for the 
study of nuclear reactions. 


An Eddington Prize of 50,000 Belgian francs jg 
being offered by the Institut Interaational deg 
Sciences Theoriques for an exposition and critique 
of the conceptions of Eddington concerning ‘The 
Philosophy of Physical Science’. The committee of 
award consists of Dr. I. Dockx, director of the 
Institute ; Prof. L. de Broglie (Paris); Prof. Th. de 
Donder (Brussels); Prof. F. Gonseth (Zurich) ; and 
Prof. E. A. Milne (Oxford). Memoirs (five copies) 
must be submitted to the secretariat of the Institut 
International des Sciences Theoriques, 221 avenue 
de Tervueren, Brussels, before December 31, 1950, 
Participants must sign their memoirs by a device, and 
include a sealed exvelope containing name and 
address. 


THE Atomic Scientists’ Association is holding its 
annual conference at the Beaver Hall, Garlick Hill, 
London, E.C.4, on October 30. There will be two 
sessions, the first from 2.30 to 5 p.m., and the second 
from 7 p.m. to 9.30 p.m. The first session is con- 
cerned with “Atomic Energy and Society”, and 
speakers will include Prof. P. M. 8S. Blackett on 
atomic weapons, Sir George Thomson on international 
control, Prof. N. F. Mott on national policy, and 
Prof. M. H. L. Pryce on the constructive applications 
of atomic energy. In the evening, speakers will in- 
clude Sir Henry Dale, Prof. R. E. Peierls and Prof. 
M. L. Oliphant on the position of scientific men with 
regard to atomic energy and related problems. The 
hon. general secretary, Dr. F. C. Champion, will con- 
clude with an outline of the future policy of the 
Association. 


A sERres of lectures for schools, which began on 
October 20, has been organised by the Institution of 
Civil Engineers, the Institution of Electrical En- 
gineers and the Institution of Municipal Engineers, 
in co-operation with the Education Officer of the 
London County Council. The lectures are being 
given at the Institution of Civil Engineers, Great 
George Street, Westminster, S.W.1, and deal with 
such subjects as railway transport, water and elec- 
tricity supply, tunnelling, telecommunications, etc. 
These lectures, which can be given either at individual 
schools or for groups of schools, are supplemented 
by the annual Christmas lectures to boys at the 
Institution of Civil Engineers. For Christmas 1948 
the subject will be “Big Ships and their Docks” ; 
three lectures will be given: “Building Big Ships” ; 
“Running and Navigating a Ship”; and “Con- 
structing a Dock”’. 


“Dielectric Properties of Mixed 
Barium and Strontium Titanates at 10,000 Mc./s.” 
printed in Nature of October 23, p. 655, Fig. 2 should 
be rotated 90° clockwise ; the descriptions of the axes 
remain as they are. 


Erratum.—In 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


No. 4122 








A New Method for the Separation, Detection 
and Estimation of Inorganic Compounds 


A FEW years ago, Dr. A. J. P. Martin and his 
colleagues at the Wool Industries Research Associa- 
tion’ developed a technique using solvent extraction 
on absorbent paper for the separation and detection 
of mixtures of amino-acids. This process, which the 
liscoverers termed ‘partition chromatography’, has 
more recently been applied to other problems, for 
example, the separation and identification of amino- 
acids derived from human metabolism*, and to the 
analytical study of different varieties of penicillin in 
mixtures*. 

We have now applied a similar procedure to 
investigations in the inorganic field with marked 
success. The essential feature is the combined use 
of an organic solvent (generally containing some acid 
or other reagent) and an adsorbing material, such as 
cellulose, for the separation of inorganic substances. 
The present note gives examples of the progress 
which has, so far, been achieved from qualitative 
and quantitative investigations of metallic salts. The 
study of other materials is in progress. 

The main technique which we have employed, and 
which is described below, is essentially the paper- 
strip method of Martin, Gordon and their collabor- 
ators. We have also obtained very promising results 
on a larger scale which will be described shortly. 

Method. A measured volume of the solution to be 
studied is placed near one end of a strip of absorbent 
paper, such as Whatman No. | or No. 3 filter paper, 
to form a small patch about 1 in. square which is 
allowed to dry in air. The paper strip is then trans- 
ferred to a gas jar or similar vessel fitted near the 
top with a container for organic solvent and adjusted 
so that the end nearest the test patch is immersed 
in the solvent tank while the remainder of the paper 
hangs vertically down the jar. A vessel containing 
an aqueous solution is usually placed at the bottom 
of the jar to maintain suitable conditions of humidity. 
The organic liquid is allowed to diffuse down the paper 
sufficiently far beyond the test patch to achieve 
the desired separations, after which the paper strip 
is removed, dried in a draught of warm air and tested 
with suitable reagents for development of characteris- 
tic colours. For qualitative or semi-quantitative work 
the stains produced are compared with standard 
colours formed from known amounts of material, 
whereas in more accurate quantitative estimations the 
coloured band is cut out, organic matter destroyed, 
and the metallic content determined by the polaro- 
graph, colorimeter, spectrograph or by other suitable 
micro-methods. 

Results. Examples of the separation of metals are 
given below. 

(1) Calcium, strontium and barium (see illustra- 
tion). These elements can be separated as the chlor- 
ides with pyridine containing 4 per cent of potassium 
thiocyanate as solvent. Under these conditions the 
ealcium travels the greatest distance down the paper, 
barium moves very little and strontium appears be- 
tween the two. Sodium rhodizonate is employed for 
the development of barium and strontium, and 

alizarin for the calcium. 
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(2) Aluminium, gallium, indium and zinc. This 
group has been studied as solutions of the chloride, 
and with n-butyl alcohol containing hydrochloric 
acid as the solvent. Aluminium scarcely moves at 
all, gallium travels down with the solvent front, 
while indium appears between the two. As zinc is a 
common impurity in indium and gallium, it has also 
been included in this series. It appears between the 
indium and gallium. Aluminium and gallium are 
developed with ‘aluminon’, while dithizone is used 
for indium and zine. 

(3) Vanadium. This element can be separated 
from a large number of other metals by using diethyl 
ether or tetrahydrosylvane (2-methyl tetrahydro- 
furane) containing nitric acid and a small quantity 
of hydrogen peroxide as the solvent. The vanadium 
moves as a pink band due to the formation of a 
soluble peroxy-compound. Colour development is 
achieved with 8-hydroxyquinoline. 

(4) Mercury (see illustration). Tetrahydrosylvane, 
or tetrahydropyran, may also be used to separate 
mercuric chloride from many other metallic chlorides. 
These solvents, containing hydrochloric acid, quickly 
carry mercury down the paper, leaving the other 
salts behind. The position of the mercury is revealed 
by means of dithizone, and it can be estimated 


quantitatively by standard methods after such 
separation. 
(5) Cobalt, copper, iron, manganese and nickel. 


The chlorides of these metals can be readily separated 
using methyl n-propylketone or acetone containing 
hydrochloric acid. Mixtures of these solvents 
may be employed, a convenient one being 80 per 
cent methyl n-propylketone, 10 per cent acetone 
and 10 per cent concentrated hydrochloric acid. Iron 
moves the greatest distance, followed by copper, 
cobalt and manganese ; nickel moves only slightly. 
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For the best results it is advisable in this case, as also 
in the separation of aluminium, gallium and indium, 
to maintain the relative humidity in the chamber 
at 65 per cent. Nickel, cobalt and copper are identified 
by means of rubeanic acid ; manganese by reduction 
of ammoniacal silver solution; and iron by pot- 
assium ferrocyanide. Nickel and cobalt have been 
determined quantitatively by polarographic measure- 
ments. Some typical results are illustrated in the 
accompanying reproductions. 

Limits of detection and estimation. The procedure 
provides a delicate means of separating and estimating 
small quantities of metallic ions. The limits of 
detection vary with different elements and depend 
on the sharpness of the bands and the sensitivity 
of the spot tests. Quantities of the order of 1-0- 
0-1 microgram have been detected, while the normal 
range for quantitative work is in the region of 
5-200 micrograms. 

Mechanism. The processes involved in this type 
of separation are being investigated; but it is clear 
that a number of factors must be taken into considera- 
tion. These are: (a) selective extraction of the salts 
by the organic solvent, an effect prevailing at the 
site of the test patch; (6b) where substantially im- 
miscible solvents are used, partition of the inorganic 
substances between organic solvent and aqueous layer, 
since water is present as a normal constituent in the 
absorbent paper and is usually added to the organic 
solvent; this partition, therefore, takes place as the 
liquid mixture moves down the paper, and separa- 
tions are due to slight changes in conditions at 
different points on the absorbent strip ; (c) adsorption 
of metallic ions by the paper; (d) the formation of 
complexes with high solubility in organic media 
under specific conditions. 

In view of the uncertainty as to mechanism, it 
seems to us best for the present to refer to this 
method non-committally as ‘extraction analysis’. 
Further study will, it is hoped, provide a logical 
theoretical background for the processes taking 
place. 

The investigations so far carried out indicate that 
the broad application of this and closely related 
techniques ghould make possible the separation, 
detection and estimation of a very wide range of 
inorganic products. The method is simple and fairly 
rapid, requires only very small quantities of material, 
operates with complicated mixtures of ions and does 
not demand any specialized equipment, at least for 
qualitative examination. The work is being actively 
pursued at this Laboratory. 

We wish to acknowledge the collaboration in the 
experimental work of the following colleagues: Miss 
J. M. Clarke, Mr. N. F. Kember, Miss A. P. McGlone, 
Mr. I. C. Maewilliam, Miss P. J. Maple, Miss J. M. 
Patterson and Mr. R. A. Wells. More detailed 
publications will follow in due course. 

T. V. ARDEN 

F. H. BuRsTaLy 
G. R. Davies 
J. A. Lewis 

R. P. LivsTeapD 


Chemical Research Laboratory, 
(Department of Scientific and Industrial Research), 
Teddington, Middlesex. 


! Gordon, A. H., Martin, A. J. P., and Synge, R. L. M., Biochem. J., 
87, (1), 79 (1943). Consden, R., in, A. J. P., and Gordon, 
A. H., ibid., 38 (3), 224 (1944). 

* Dent, C. E., Lancet, 251, 637 (1946). 

* Goodall, R. R., and Levi, A. A., Nature, 138, 675 (1946). 
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Synthesis of Colchicine Derivatives 


WHILE the methoxylated carbon-system of (1\) js 
conclusively established for certain degradation pro. 
ducts of colchicine’, the synthesis of such wp. 
symmetrically substituted dibenzcycloheptatricnes, 
necessary for further work, has hitherto miscarried, 
because of difficulties which are partly concealed ang 
partly apparent*“. A synthesis which promises to 
afford the requisite degree of adaptability has now 
been found and is based on the oxidation of appro. 
priate 9- or 10-methylphenanthrenes with osmium 
tetroxide in benzene-pyridine**. In a model experi. 
ment, 9-methylphenanthrene (I) was thereby oxidized 
to 9: 10-dihydroxy-9 : 10-dihydro-9-methylphenan. 
threne (II), m.p. 130—131° (found : C, 79-9; H, 6-1; 
C,,H,,0, requires C, 79:7; H, 6-2 per cent), from 
which, by cleavage with lead tetra-acetate and nm. 
newed cyclization, there was obtained the known 
3: 4:5: 6-dibenzcyclohepta-1 : 3 : 5-trien-7-one (II). 
Similarly, 2 : 3 : 4 : 7-tetramethoxy-10-methylphen. 
anthrene, m.p. 134—135° (found: C, 73-2; H, 6-4; 
C,sH,.O0, requires C, 73-1; H, 6-4 per cent), was 
converted via the corresponding 9 : 10-dihydro-9 : 10- 
diol, m.p. 156° (found: C, 66-0; H, 6-4; C,,H,,0, 
requires C, 65-9 ; H, 6-4 per cent) into the unsaturated 
ketone (IV), which was identical with the part. 
product previously obtained! by oxidizing deamino- 
colchinol methyl ether with sodium dichromate in 
acetic acid. 
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@2:3:4:5- and 2:3:4:7-Tetramethoxy-9-methyl- 
phenanthrenes* have given apparently analogous 
results, and full experimental details will be published 
when the developments now in hand, which include 
the attempted synthesis of colchinol methyl ether, 
have been completed. One of us (J. M.) thanks the 
Department of Scientific and Industrial Research for 
@ maintenance allowance. 


Ill 


G. L. BucHaNaNn 
J. W. Coox 
J. D. Loupon 
J. MacMritnan 
Universities of Glasgow and 
Aberdeen. 


’ Barton, Cook and Loudon, J. Chem. Soc., 176 (1945). 

* Cook, Dickson and Loudon, J. Chem. Soc., 746 (1947). 

* Frank, Fanta and Tarbell, J. Amer. Chem. Soc., 70, 2314 (1948). 
* Barton, Cook and Loudon, J. Chem. Soc. (in the press). 

* Criegee, Marchand and Wannowius, Annalen, 560, 99 (1942). 
*Cook and Schoental, J. Chem. Soc., 170 (1948). 

* Buchanaa, Cook and Loudon, J. Chem. Soc. , 325 (1944). 
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Structure of Ketoyobyrine 


THE recent publication of a paper by Woodward 
and Witkop' suggesting a new structure for keto- 
yobyrine, based on degradative evidence, and of 
another by Schlittler and Speitel*, claiming the 
synthesis of this substance, prompts us to point out 
that on May 28, 1948, we submitted to the Chemical 
Society @ paper describing the synthesis of keto- 
yobyrine. This has been accepted for publication in 
the Journal; but unfortunately its appearance can- 
not be expected for many months. 

In the main, our work is along similar lines to that 
of Schlittler and Speitel; but differs in certain 
details. 


No. 4122 


G. R. CLemMo 
G. A. Swan 
King’s College, 
University of Durham, 
Newcastle-upon-Tyne lI. 
Aug. 26. 
‘J. Amer. Chem. Soc., 70, 2409 (1948). 
‘Helv. Chim. Acta, 31, 1199 (1948). 


Trimethylplatinum Derivatives 


Lile and Menzies' report some new derivatives in 
the trimethylplatinum series, the first members of 
which were prepared from platinum tetrachloride 
some forty years ago by Pope and Peachey*. Since 
we are similarly engaged in investigating these com- 
pounds, it is desirable to record some of our observa- 
tions on this subject. 

(a) Cis-dipyridinetetrachloroplatinum, Ptpy,Cl,, 
which unlike platinum tetrachloride is not hygro- 
scopic, is @ very good source of trimethylplatinum 
derivatives, just as pyridinetrichlorogold, AupyCl,, 
is the most convenient starting material for the 
preparation of dialkylgold compounds’. 

(6) Methylmagnesium iodide and cis-Ptpy,Cl, gives 
in excellent yield the compound (CH,),PtpyI, which 
decomposes slowly at temperatures above 150°. It is 
soluble in pyridine chloroform and in benzene, in 
which it is dimeric by the freezing-point ; thus the 
§-covalency of the platinum is maintained as in 


I 
f > 
(CH,),pyPt Ptpy(CH;);. 
ed 


(c) By treatment with further pyridine, this new 
compound is converted into (CH;),Pt(py),I, m.p. 168°, 
without decomposition. The complex formed from 
(CH,),PtI and pyridine, described by Lile and 
Menzies, has the same composition and melting point 
and is presumably identical with ours. It is of interest 
that the same isomer is formed by the two alternative 
routes. In the tetrameric (CH,),PtCl (in which the 
platinum has an octahedral configuration‘), the three 
methyl groups are all cis to one another, and it may 
well be that this same arrangement persists through- 
out. 

We have also observed that the dipyridine com- 
plex undergoes dissociation in benzene solution, prob- 
ably into pyridine and the dimeric complex mentioned 
in (b) above. 

(d) The other molecule of pyridine is certainly 
much more firmly held and cannot be removed by 
dilute acids and alkalis. It is displaced with ease, 
however, when ethylene diamine is added to a cold 
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chloroform solution of the dimer, and the compound 
2(CH;,)3PtI.3en (see also Lile and Menzies, loc. cit.) 
separates in crystalline condition. 

(e) Although methylmagnesium iodide reacts so 
readily, no product has been obtained from ethyl 
magnesium iodide and cis-Ptpy,Cl,. This recalls Pope 
and Peachey’s inability to prepare ethyl derivatives 
from platinum tetrachloride’. 

(f) Trans-Ptpy,Cl, has so far given no alkyl de- 
rivative with methyl magnesium iodide. It undergoes 
reduction and halogen exchange with formation of 
trans-Ptpy,]). 

Work in this field is proceeding, and a fuller account 
will be given elsewhere in due course. 

C. S. GrBson 
R. V. G. EwEns 
M. E. Foss 
Chemistry Department, 
Guy’s Hospital Medical School, 
University of London. 


'Lile and Menzies, Nature, 168, 299 (1948). 

* Pope and Peachey, J. Chem. Soc., 571 (1909). 

* Gibson et al., J. Chem. Soc., 219 (1935) et seq. 

* Rundle and Sturdivant, J. Amer. Chem. Soc., 68, 1561 (1947). 
* Private communication (C. 8. G.). 


Structure of O-Trimethylbrazilone 


OxipaTIoN of OQ-trimethylbrazilin (I)! yields 
O-trimethylbrazilone (II), the proposed structure* of 
which is satisfactory in most respects. Nevertheless, 
the explanation of the unusual loss of two atoms of 
oxygen which occurs when it is converted into 
deoxytrimethylbrazilone (anhydrotrimethylbrazilin) 
by interaction with phenylhydrazine is not apparent. 
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It was therefore thought desirable to examine the 
infra-red absorption spectra of (I) and (II). The 
spectra were measured in a double-beam spectro- 
meter, using a very dilute solution in carbon tetra- 
chloride at 3 and a solid suspension in ‘Nujol’ at 
6u. As was to be expected, (I) exhibited an absorption 
band at a frequency of 3,610 cm.-' and no marked 
absorption in the 1,720 cm. region, indicative of the 
presence of the hydroxyl group and the absence of 
any ketonic grouping respectively; (II), on the 
other hand, showed no absorption in the region of 
3,610 cm.~', but exhibited a strong band at 1,720 cm."?. 
This is consistent with the absence of a hydroxyl 
and the presence of a ketone group. Moreover, it 
follows that if there is a ketone group present any 
modified structure such as >C—C< is untenable, and 

a 
Oo—O 


it therefore appears that the proposed large ring 
diketone structure is correct. 
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Herzig and Pollak* prepared a monoxime of 
O-trimethylbrazilone, m.p. 203-205° (decomp.). 
Repetition of this preparation has now yielded two 
forms of the monoxime; one (from aqueous alcohol) 
consisted of fine needles, m.p. 197° (decomp.) (found : 
CG, 63-9; H, 5-4; N, 3-9 per cent) and the other 
(from aicohol) of small prisms m.p. 208-210° (de- 
comp.) (found: C, 64:3; H, 5-4; N, 3-8; cale. for 
CypH1,0.N: C, 63-9; H, 5-3; N, 3-9 per cent). 
A mixture of the two forms decomposed at an inter- 
mediate temperature, and they appear to be poly- 
morphic because crystallization of the form with 
melting point 208—210° under appropriate conditions 
yields the needle form, which is slowly reconverted 
into the substance with the higher melting point 
when it is left to stand in the mother liquor. 

The explanation of the change 


| | | | 
CO CO + C=C 
Bist | | 


in the course of the reaction between O-trimethyl- 
brazilone and phenylhydrazine must clearly involve 
the propinquity of the carbonyls in the large ring 
structure ; but the postulation of a radical change 
in the bonds contained in these groups is now 
excluded. 
R. E. RicHarps 
Physical Chemistry Laboratory, 
M. L. ToMLINSON 
Dyson Perrins Laboratory, 
Oxford. 
June 8. 
' Gilbody and Perkin, J. Chem. Soc., $1, 1040 (1902). 


* Perkin and Robinson, J. Chem. Soc., 98, 498 (1908). Perkin, Ray 
and Robinson. J. Chem. Soc., 2096 (1927): 1054 (1928). 


* Herzig and Pollak. Ber., 36, 398 (1903). 


Structure of «-Fagarine 


THE more significant experimental facts for basing 
the structure of «a-fagarine, one of the alkaloids 
isolated frort Fagara coco’, were the presence of one 
methylimino group, two methoxyls and one dioxy- 
methylene group, and the formation of m-methoxy- 


benzaldehyde by oxidation’. a-Fagarine behaves as 
a tertiary base, since it does not react with nitrous 
acid and also lacks rotatory power. 

A tertiary base, with a methylimino group and 
giving m-methoxybenzaldehyde by oxidation, may 
have a structure: R — N.CH,.C,H,OCH, (m), as 


CH, 
oxidation experiments with similar simpler bases 
have shown*. A substance of this type might be 
expected to be degraded by the action of tetra- 
nitromethane as similar bases are‘, and also by 
hydrogenolysis under the action of palladium- 
charcoal. 

Fagarine was found to be resistant to both types of 
degradation. We believe, then, that the methylimino 
group, that was determined in two laboratories (in our 
laboratory, Slotta and Haberland’s* method was 
employed) and isolated as methylamine when 
«-fagarine is heated with soda-lime, is an artefact. 
The methylimino group determined could be a 
resistant methoxyl that is only split off at higher 
temperatures than usual, or that transposes to a 
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methylimino group under the action of the reagents. 
The methylamine isolated would also result from a 
molecular transposition. 

This type of reaction could be expected from a 
y-methoxyquinoline, and accordingly the following 
structural formula for a-fagarine is now proposed; 


OCH, 


CH,O I : 
cnn | A Fo 0D 


OCH, 


similar to the structures of cusparine, galipine and 
galipoline, all alkaloids from angostura bark, a plant 
belonging to the family Rutacew, as is the case with 
Fagara coco (Gill.) Engl., from which «a-fagarine was 
isolated. 

Thus the first formula proposed, C,,H,,;NO,, should 
be changed to C,,H,,NO,. The carbon and hydrogen 
determinations of the free base given in our paper 
agree well with the new formula. Fagarine salts gave 
lower values for carbon than those expected. 

We have carried out a series of determinations of the 
halogens of the salts and the methoiodide of a-fagarine, 
which differentiate clearly between the formule 
C,,H,,NO, and C,,H,,NO,, and obtained figures that 
agree with the last one. (Hydrochloride: cale., 
Cl, 8-91; found, 8-13. Hydrobromide: cale., Br, 
17-85; found, 18-28. Hydroiodide: cale., I, 25-67; 
found, 25-64. Methoiodide: cale., I, 24-97; found, 
24-47). 

When «-fagarine is treated with dilute nitric acid, 
& nitro-derivative is obtained which gives a crystal. 
line nitrate melting at 254-55° and of formula 
C,,H,>NO,.NO,.NO,H (cale.: C, 53-05; H, 4-21; 
N, 8-84; found: C, 52-85; H, 5-10; N, 8-90). 
This nitro-derivative gives a picrate melting at 
255—57°, C.,H,,»NO,.NO,.C,H,N,0, (calc. Ps C, 50-54; 
H, 3-59; found: C, 50-53; H, 3-96). 

The absorption spectrum of «-fagarine, for which 
we are indebted to Dr. H. Puente, also supports the 
quinoline structure. It presents an absorption maxi- 
mum at 285 my and is very similar to the absorption 
spectrum of quinoline, with a maximum about 280 mu, 
and to that of 4-quinolylmethy] ether, with a maxi- 
mum about 280-285 my, as determined by Ewing 
and Steck*. An N-methyl quinolone structure would 
explain the methylimino determination and the 
isolation of methylamine, but leaves unexplained the 
formation of a methiodide and the similarity of the 
absorption spectrum of the base to those of quinoline 
and its derivatives. 

V. DEULOFEU 
R. LABRIOLA 
B. BERINzAGHI 
Laboratorio de Quimica Orgénica, 
Facultad de Ciencias Exactas, 
Fisicas y Naturales, 
Buenos Aires. 
May 24. 
nee. ae. R., and De Langhe, J., /. Amer. Chem. Soc. 
8 a V., Labriola, R., and Berinzaghi, B., J. Org. Chem., 12, 217 
* Labriola, R., Ishii, M., and Mariani, I., An. Asoc. Quim. Arg., 38, 
156 (1945). 
é ee, 5, Danese, Ris ont Verruno, 0., paper. read before > 
at Bo merican Chemical Congress, Santiago, Chile, 
* Slotta, K. H., and Haberland, G., Ber., 65, 127 (1932). 
* Ewing, G. W., and Steck, E. A., J. Amer. Chem. Soc., 8, 2181 (1946). 
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Crystal Structures of the Acid Salts of some 
Monocarboxylic Acids 


THe crystal structure of potassium hydrogen 
phenylacetate, KH(C,H,0,), (a substance already 
discussed in another connexion’), has been examined 
by X-ray analysis. The crystals belong to the mono- 
dinie system, the unit cell having a = 28-4 A., b 
450 A., ¢ = 11-9, A., B = 89-8° (+ 0-3°), and com- 
prising four stoichiometric molecules. The space- 
group is I 2/a (that is, C 2/e of the International 
Tables with change of axes). 

Using the isomorphous rubidium salt, a Patterson 
projection on the (010) plane indicated provisional 
z- and y-co-ordinates for the atoms; and, with this 
guidance, @ corresponding Fourier synthesis has been 
carried out for the potassium compound. In the 
resulting projection, all eleven atoms of the asym- 
metric unit were well resolved, and the projected 
structure deduced is shown in the figure. Detailed 
consideration of this projection (and taking note of 
the strength of the reflexion from the (510) plane) 
gave a clue to the molecular orientation in the 
y-direction. The C—C,H, group lies in a plane in- 
clined at about 31° to (010), and the C—CO, group 
in one inclined at about 36° in the opposite direction. 
On this basis the complete structure has been eluci- 
dated, with some assistance from a Fourier projection 
on (001). 








Interest is chiefly attached to the situation near 
the carboxyl groups. A hydrogen bond must be 
presumed to exist between the atoms O(2) and O(2’) ; 
and, since these atoms lie about a centre of sym- 
metry, the hydrogen atom appears to be centrally 
placed. All hydrogen bonds described hitherto seem 
to be unsymmetrical. It is possible that the virtual 
symmetry found here is a statistical effect. It is 
difficult to determine the y - co-ordinate of O(2) very 
accurately, but the true distance between the oxygen 
atoms is estimated to be 2-5, (+ 0-°1)A. This is 
unusually short (the dimers of carboxylic acids give 
values of about 2-7 A.) and recalls the short bonds 
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reported for same inorganic acid salts* and for the 
dihydrates (probably oxonium salts) of some dibasic 
acids*. Each potassium ion lies on a vertical twofold 
axis, and is surrounded by six approximately equi- 
distant (~ 2-8 A.) oxygen atoms which are situated 
at the corners of a distorted octahedron ; two pairs, 
O(1), are superposed, at unit 6-translation, in the 
projection shown. A number of different valency 
bond structures can be written, each lacking the 
necessary symmetry about the origin. The actual 
structure is taken to be a resonance hybrid, with 
consequent enhanced stability. 

The structure of potassium hydrogen p-hydroxy- 
benzoate, which is also being investigated, appears 
to be based on the same plan. Acid salts are formed 
by most monocarboxylic acids, and it seems likely 
that they may generally conform to this plan. 

Further details of both structures will be published 
elsewhere. 

J. C. SPEAKMAN 
Chemistry Department, 
University, Glasgow, W.2. 
Sept. 13. 
1 Speakman and Smith, Nature. 155, 698 (1945). 
in the press. 
* For example, West, 


A fuller report is 
Krist., 74, 306 (1930). Zachariasen, J. Chem. 
) 


Zz. 
Phys., 1, 634 (1933). 
* For example, Dunitz and Robertson, J. Chem. Soc., 142, 148, 1145 
(1947). 


Gamma-Rays from Proton Bombardment of 
Separated Argon Isotopes 


ARGON targets can be prepared by bombarding 
silver disks with the separated beams of the argon 
isotopes in a mass-spectrograph. This technique has 
already been used in a study of the resonance capture 
of protons in the isotopes of neon'. The possibility 
of collecting argon atoms in a metal surface has 
previously been demonstrated?, and has recently been 
used as a method of producing samples of separated 
argon isotopes’. 

With the abundant isotope *°A (99-632 per cent) 
four targets were made which had received about 
55 milli-coulombs per em.* of **At-ions, and in 
addition one target which had received about 3 milli- 
coulombs per cm.*. For the measurements on **A 
(0-307 per cent) only one target, which had received 
about 3 milli-coulombs per cm.*, was made. No 
target was prepared containing the rare isotope 
384 (0-061 per cent), due to a contamination of the 
ion beam of mass 38 by fluorine molecular ions. The 
targets were used to search for capture resonances 
in the two argon isotopes for protons in the energy 
region from 0-5 to 1-8 MeV. The techniques of proton 
bombardment and gamma-ray detection were the 
same as those used in an earlier investigation‘. 

In the case of *°A, six peaks were found standing 
out clearly above the background radiation, as 
determined with a dummy target. Five of these 
peaks are ascribed to **“A. The accompanying table 
gives their resonance energies, and in addition the 
yields as measured with the four targets, which had 
been strongly bombarded with argon. Measurements 
of the resonance at 1,100 keV. with the weakly 
bombarded target gave half the yield, indicating that 
the targets are saturated with argon when they have 
received about 6 milli-coulombs per cm.*, correspond- 
ing to about 2 ugm. per cm.*. The same saturation 
effect has also been found in the case of neon'. The 
half-widths of the peaks were in all cases 5-10 keV. 
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and cannot be explained by the inhomogeneity of 
the proton beam, which was less than half of this 
amount. 

E 900 1050 1080 1100 1235 
y-% 0-2 O-4 0-5 1-0 0-5 
4 is the resonance energy in keV.; y—y, is the difference between 


@ resonance yield y in counts per micro-coulomb the background 
radiation y,, which for all the resonances is about 0-1. 


The peak remaining is ascribed to fluorine. It was 
found at 865 keV. and gave a yield of 0-1 count per 
micro-coulomb. As the ion source of the mass- 
spectrograph had previously been run with fluorine 
compounds, very small amounts of (F,H,)+-ions may 
possibly have given rise to this contamination of the 
target. This view is strongly supported by the fact 
that a control target, which during the collection of 
*“A was hit by ions of mass 38 (such as F,*), 
showed an intense resonance peak at 865 keV. and 
in addition the weaker fluorine lines to be expected. 

It was found that the content of argon in the 
target gradually decreased during the proton bom- 
bardment. A new spot of the target was chosen, 
therefore, as soon as the yield of the 1,100 keV. 
resonance, which was frequently checked, decreased 
too much. 

In the case of **A, no gamma radiation was found 
which could not be explained as statistical fluctuations 
of the background radiation. These measurements 
are somewhat uncertain as it was not possible to 
know when a spot of the target was worn out ; but 
the experience with the “*A targets was taken as 
@ guide. 

The result, that no resonances are found in **A, 
is in agreement with the general experience, that the 
mean distance between the levels of a compound 
nucleus, formed by impact of 1-MeV. protons on a 
nucleus of the «-particle type, is of the order of 
a few million electron volts. This fact is explained 
by the low excitation of the compound nucleus due 
to the loose binding of the incoming proton. For **A, 
thus, the binding energy of the proton is only about 
3 MeV. At the corresponding excitation, scattering 
and capture of the protons are, further, the only 
processes energetically possible; hence the lack of 
gamma-resonances cannot be due to competition from 
other disintegrations. 

The compound nucleus formed by impact of 1-MeV. 
protons on the isotope **A is, on the other hand, 
excited to about 10 MeV. and should, therefore, have 
many levels in the energy region investigated. The 
yields of the resonances are, however, for low proton 
energies limited by the poor penetrability of the 
barrier which the protons have to overcome. The 
proton energy at which the resonance yield begins 
to rise above the background is, thus, determined by 
the proton width. 

In order to determine the proton width from the 
experimental data, it is necessary to calculate the 
absolute yield, and for that purpose to know the 
concentration of argon in the silver. This concentra- 
tion is given by the total amount of argon in the 
target and the thickness of the layer containing it. 
The thickness can be estimated from the experimental 
width of the resonance peaks by means of the stopping 
power for protons; the natural width, for exampie, 
must be very small, in fact close to the radiation 
width, because the energy available for a-particle 
emission is too small to give an a-particle width of 
any importance. The relative concentration of argon 
to silver atoms obtained in this way is about 1 : 10. 
The absolute yield of the resonances can then be 
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determined by the help of the known efficiency of the 
gamma-counter*. 
For the 1,100-keV. resonance this estimate sives 
a proton width of the order of a few electron volts, 
and the corresponding width without barrier is ‘hen 
about 10 keV., which is in accordance with the fact 
that the first resonance detectable was foun at 
900 keV. According to theory, 2x times the width 
without barrier should be of the order of the sp..cing 
of levels having the same spin, and this is roughly 
in agreement with the experiment, as at 1 MeV. only 
protons of angular momentum zero can penetrate the 
barrier sufficiently easily to be responsible for the 
resonances found. 
The lack of resonances when the energy exceeds 
1,235 keV. can be explained as the passage of the 
threshold energy for neutron emission, because above 
this energy the radiation processes are unable to 
compete with the neutron emission process. The 
threshold energy of the protons, calculated from the 
masses, is 1 MeV.; but the uncertainty is about 
+1 MeV. The experimental threshold is not neces. 
sarily equal to this value, because the conservation 
law for the angular momentum may force the neutrons 
to penetrate a centrifugal barrier, and thus make 
neutron emission improbable. As the spin is not 
known for all the nuclei concerned, the experiment 
cannot be used to determine the binding energy of 
the neutron in the compound nucleus with higher 
accuracy than that with which it is already known. 
A direct detection of the neutrons is practically 
impossible even at higher excitation energies, because 
of the low efficiency of neutron counters. 
It is seen that the experiments are in qualitative 
agreement with the theoretical expectations. 
In conclusion, we wish to thank Prof. Niels Bohr 
for his continuous interest in the work. 
K. J. Brostrom 
T. Huvs 
J. Kocu 

Institute for Theoretical Physics, 

University of Copenhagen. 
July 31. 
' Brostrom, K. J., Huus, T., and Koch, J., Nature, 160, 498 (1947). 
* Lindh, A. E., and Nilsson, A., Ark. f. Matem., Astr. o. Fys., 31 (1944). 


These authors have pre argon targets for X-ray studies by 
bombardment with hi speek tenn in a discharge tube. 


* Koch, J., Nature, 161, 566 (1948). 
* Brostrem, K. J., Huus, T., and Tangen, R., Phys. Rev., 71, 661 (1947). 


Short-Range «-Particles from the Disintegra- 
tion of Sodium, Aluminium and 
Fluorine by Protons 


THE emission of short-range «-particles in the 
proton bombardment of oxygen, nitrogen and fluorine 
has been known for some time’. Calculations based 
on published mass values* show that there should 
also be a release of energy in the (p,x) reactions in 
sodium and aluminium, according to the equations: 


Na® + H' —+ Ne* + Het + Q, (1) 
Al? + H' — Mg + Het + Q,. (2) 


These processes have now been observed, and their 
Q-values obtained, by a method of magnetic analysis 
similar to that used by Burcham and Devons® for 
the detection of the short-range «-particles in the 
proton disintegration of fluorine. Some further 
observations on this latter reaction have also «en 
made. 
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Proton energy (keV.) 
(a) Sodium chloride (thin target) 


Fig. 1 


Disintegration particles emitted at 90° to the proton 
beam were allowed to pass through a 90°-focusing 
magnet, so that the «-particles could be resolved from 
the longer-range scattered protons. The «-particles 
were focused on to a zine sulphide screen and the 
resulting scintillations were detected by an E.M.lI. 
photo-electric multiplier. For accurate range measure- 
ments the screen and multiplier were replaced by a 
mica window of 2 mm. stopping power, and a shallow 
air-filled ionization chamber placed at a variable 
distance from the window. The range scale was cali- 
brated with «-particles from a thin thorium-C source. 

The yield of «-particles from reactions (1) and (2), 
observed as a function of incident proton energy, is 
shown in Figs. l(a) and 1(6). For comparison, 
x-particles from the reaction : 

vd 


were also observed; the excitation function thus 
obtained was compared with the well-known excita- 
tion function for the y-rays in this reaction**, in 
order to calibrate the proton energy-scale. The yield 
of fluorine a-particles for proton energies from 830 
to 950 keV. is shown by the broken curves in Fig. 1. 

The ranges of the «-particles emitted in the sodium 
and aluminium reactions (1) and (2) were measured 
by direct comparison with the range of «-particles 
from the fluorine reaction (3), for which an absolute 
measurement had previously been made (1-11 cm. 
at 930 keV.). Fig. 2 shows the ionization chamber 
measurements for the case of aluminium, The mean 
ranges for sodium and aluminium «-particles were 
found to be 1-38 em. and 1-00 cm. respectively, at 
930 keV. proton energy. 

In the course of the work on fluorine, «-particles 
of slightly greater range than that associated with 
reaction (3) were also observed, at a proton energy 
of 830 keV. These are attributed to the process : 


Fe + HI —~ Ne** — OM + Het + Q, . 
of .oe anf 


—- or He* 
or + O's 


F’* 4+ H? —- Nee 


in which the excited state of O'* reverts to the 
ground-state with the emission of an electron pair. 
A pair-production resonance at 830 keV. is known“. 
The Q-value deduced from this process agrees well 
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with the measurements of Becker et al." at the 
1,220-keV. pair-production resonance. 

The Q-values for reactions (1) to (4), calculated 
from the range measurements by using the 1938 
Cornell range-energy curve for a-particles, are : 


Na* (p,x) Ne®®:Q = 2-14 + 0-07 MeV. 
Al?? (p,x) Mg**:Q = 1:32 40-07 ,, 


= 1-73 +0-05 ,, 
= 1:89+0-06 _ ,, 


F'* (p,xy) OF :Q 
F'® (p,axr) OF :Q 


The difference between the y-ray and pair-production 
states in the two fluorine processes could be de- 
termined, by direct comparison, more accurately 
than either value individually, and is 0-16 + 0-02 
MeV. The Q-value found for the F!*(p,«y)O'* reaction 
upon which the sodium and aluminium results de- 
pend is in fair agreement with other measure- 
ments”, 

If it is assumed that the «-particles observed from 
sodium and aluminium are associated with the forma- 
tion of the residual nucleus in its ground-state, then 
the Q-values found provide fresh data for the cal- 


30 
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Ionization chamber scale (cm.) 


. 2. Comparison of ranges of a-particles from Al** and F** at 
930-keV. proton energy. Ordinates (scales arbitrary) represent 
counting-rates of pulses greater than a oy size determined by 

the discriminator bias 
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culation of the masses of the nuclei Mg™ and Na*®. 
The values obtained fit very well, into the scheme 
of mass values suggested for the elements between 
neon and silicon by Allan and Wilkinson’. 

The capture of protons by sodium and aluminiym 
may alternatively result in the emission of y-rays 
with sharply defined resonances for varying proton 
energy'*"*. The inhomogeneity of the proton beam 
used in the present experiments makes it difficult 
to establish with certainty any connexion between 
a-emitting and y-emitting levels of the compound 
nucleus concerned. 

The work is continuing and further details will be 
published later. 

Joan M. FREEMAN 
A. 8. BAxTER 
Cavendish Laboratory, 
Cambridge. 
June 3. 
* Burcham, W. E., and Smith, C. L., Nature, 148, 795 (1939). 
* Bethe, H. A., “Elementary Nuclear Theory” (John Wiley, 1947): 
appendix. 
* Burcham, W. E., and Devons, S., Proc. Roy. Soe., 178, 555 (1939). 
* Bennett, W. E., Bonner, T. W., Mandeville, C. E., and Watt, B. E., 
Phys. Rev., 70, 882 (1946). 
* Bonner, T. W., and Evans, J. E., Phys. Rev., 78, 666 (1948). 
* Fowler, W. A., and Lauritsen, C. C., Phys. Rev., 56, 840 (1939). 
* Becker, R. A., Fowler, W. A., and Lauritsen, C. C., Phys. Rev., 62. 
186 (1942). 
* McLean, W. B., Becker, R. A., Fowler, W. A., and Lauritsen, C. C., 
Phys. Rev., 55, 796 (1939). 
* Allan, H. R., and Wilkinson, C. A., Proce. Roy. Soc., 194, 131 (1948). 
* Curran, 8. C., and Strothers, J. E., Proc. Roy. Soc., A, 172, 72 (1939). 
™ Burling, R. L., Phys. Rev., @0, 340 (1941). 


a8 — K. J., Huus, T., and Tangen, R., Phys. Rev., 71, 661 


Disintegration of Nitrogen by Fast Neutrons 


THE reactions ‘SN (np) *C and *5N (naz) 4B have 
been investigated using the mono-energetic neutrons, 
obtained by bombarding a thin heavy-ice target by 
deuterons (D+D neutrons). With a deuteron energy 
of 400 keV. and a variation of the angle between the 
direction of the neutrons used and the beam of 
impinging deuterons from 34° to 138°, the neutron 
energy is,varied between 3-2 and 2-1 MeV. This 
method was suggested to me by Dr. HI. de Vries. 
The number of (np) and (na) reactions is measured 
in & nitrogen-filled proportional counter, which is 
placed in various positions in the above-mentioned 
interval, with respect to the target. In order to 
eliminate fluctuations in the yield of the neutron 
source, the number of kicks from this counter is 
divided by the number of counts given in the same 
time by a proportional counter filled with boron 
fluoride which is kept in a fixed position. For the 
calculation of the cross-sections, the absolute number 
of neutrons getting into the nitrogen counter must 
be known. Therefore the number of neutrons per 
unit of solid angle in the direction of the boron 
fluoride counter for a given number of counts was 
determined from the response of this counter to a 
source consisting of 90 mgm. radium + beryllium, 
placed close to the target. For other directions this 
number was calculated, assuming the (1 + A cos* 6)- 
law in the centre of gravity co-ordinate system, with 
A = 1-5 in this case’. 

The cross-sections obtained are represented in the 
accompanying figure as a function of the neutron 
energy. The peak indicates a resonance for 2:23 MeV. 
neutron energy, corresponding to an excited state 
of the intermediate ‘SN nucleus. The height of this 
level above the ground-state is 12-87 MeV., which 
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is easily calculated with the help of the mass values’. 
Other possible irregularities in the curve are being 
studied in more detail. Other resonances have been 
found in the region between 0-2 and 1-7 MeV. 
neutron energy by Barschall and Battat*, using 
mono-energetic neutrons, (Li + p) reaction, namely, 
at 0-55, 0-70 and 1-45 MeV. 

The other way in which fast neutron resonances 
have been studied is by the method, first applied 
by Wilhelmy*, in which a neutron source with con- 
tinuous energy distribution is used, and groups of 
protons and a-particles of different energies are 
observed. The relation between the energies of such 
groups, and those of the corresponding resonance 
neutrons, is given by the energy balance of the (np) 
and (na) reactions : 

Epc = En +Q:; Hap = En + Q2 
in which Zy,c means the sum of the kinetic energies 
of a proton and the residual carbon nucleus (measured 
by Wilhelmy’s method), ete. If the residual nucleus 
is in the ground-state, the Q values are equal to the 
mass differences in MeV. According to the latest 
measurements Q, = —0-24 MeV.; Q, = 0-63 MeV.*. 

Stebler and Huber‘, calculating resonance neutron 
energies from their groups in this way, find the values 
0-48, 0-64, 1-41, 1-77 and 2-20 MeV., in good agree- 
ment with our value (2-23 MeV.) and those of Barschall 
and Battat (0-55, 0-70 and 1-45 MeV.). 

If we also calculate those resonance neutron 
energies from earlier measurements which lay within 
our region, we find: 2-28, 2-83, 3-45 MeV. (Wil- 
helmy‘); 2-38, 2-75, 3-24 MeV. (Ortner and Proti- 
winsky*); 2-18, 2-39, 2-88, 3-22 MeV. (Zagor and 
Valente’). Ths lowest value of each series may be 
identified with our value and the corresponding one 
of Stebler and Huber. There is some indication in 
our measurements also for the highest resonance of 
about 3-30 MeV. The resonance at about 2-83 MeV.. 
on the contrary, does not appear clearly in our curve. 
This does not n ily mean a discrepancy, how- 
ever, as the authors mentioned used neutrons up 
to high energies. Therefore excited states of the resid- 
ual nucleus may occur, giving other groups which 
cannot be found in this experiment. 





the mu 
resulte 
2x10 
of Val 
conflic’ 
I wi 
sugges’ 
work, 
onderz 


Natt 


In 1 
Relati 
of ove 
the re 
One 0 
and tk 
and is 
of the 

We 
to ope 
the ele 
The re 
is bet" 
about 
succes 
energy 
limite 

Vek 
for at 
tions | 
succes 
and in 
In an 
the m 
age, & 
succes 
radio- 
condit 


Fur 
the ra 
initial 


where 


the pa 
field, : 






ch 
ce 


p) 


e- 
II 


p 


h 















No. 4122 October 30, 1948 


Absorption measurements. As Valente and Zagor® 
find for the total cross-section of their resonance 
neutrons the exceedingly high value of 60 x 10-** cm.?, 
we made absorption measurements in the region of 
the maximum with dicyandiamide (C,H,N,) which 
resulted in a value for the total cross-section of about 
2x 10" cm.*., Thus, as contrasted with the results 
of Valente and Zagor, we may conclude that no real 
conflict with theory seems to exist for these neutrons. 
I wish to express my thanks to Prof. D. Coster for 
suggesting the problem and for his interest in the 
work, and to the “Stichting voor fundamenteel 
onderzoek der materie’’ for financial support. 
C. P. SIKKEMA 





Natuurkundig Laboratorium 
der Rijks-Universiteit, 
Groningen. 
June 1. 
' Bennett, W. E., Mandeville, C. E., and Richards, H. T., Phys. Rev., 
69, 418 (1946). 
*Mattauch, J., and Fligge, S., ‘‘Kernphysikalische Tabellen’’ (1942). 
* Barschall, H. H., and Battat, M. E., Phys. Rev., 70, 245 (1946). 
‘Wilhelmy, E., Z. Phys., 107, 769 (1937). 
* Stebler, A., and Huber, P., Helv. Phys. Acta., 21, 59 (1948). 
* Ortner, G., and Protiwinsky, G., Phys. Z., 44, 116 (1943). 
* Zagor, H. I., and Valente, F. A., Phys. Rev., 67, 133 (1945). 
* Valente, F. A., and Zagor, H. I., Phys. Rev., 69, 55 (1946). 





A Magnetic Resonance Accelerator for 
Electrons 


In his paper, “A New Method of Acceleration of 
Relativistic Particles”, Veksler! proposed two methods 
of overcoming the limitation of the cyclotron due to 
the relativistic increase of the mass of the particle. 
One of these is the synchrotron, now well known ; 
and the other, which has been called the microtron* 
and is essentially an electron cyclotron, is the subject 
of the present note. 

We have constructed a small electron accelerator 
to operate on this principle, and have observed that 
the electrons are accelerated in the expected manner. 
The radio-frequency voltage on the accelerating gap 
is between 500 and 600 kV., and the magnetic field 
about 1,000 oersteds. The electrons make eight 
successive passages across the gap and have a final 
energy of 4-6 MeV. Further acceleration is at present 
limited by the size of the magnet. 

Veksler pointed out the very important fact that 
for a relativistic particle subject to periodic accelera- 
tions the difference in the time required to execute 
successive orbits in a magnetic field is a constant, 
and independent of the total energy of the particle. 
In an accelerator which makes use of this fact, H, 
the magnetic field, and V, the radio-frequency volt- 
age, are adjusted so that the time difference between 
successive orbits is equal to 7’, the period of the 
radio-frequency field. This defines the resonance 
condition : 

2nV 
HC 
Further, for the particle to be in resonance with 


the radio-frequency field, Veksler showed that the 
initial energy of the particle must be such that : 


= TT. (1) 


2M .C (k+1) = Ty, (2) 
He 


where k = V,/M,C* is the energy in mass units of 
the particle before acceleration by the radio-frequency 
field, and y is an integer. 
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Fig. 1 


The accelerator takes the form shown in plan in 
Fig. 1. A cavity resonant at 2 = 10-7 cm. is con- 
tained in one side of a vacuum chamber placed 
between the poles of an electromagnet. Power is fed 
to the cavity through an evacuated wave-guide 
from a tunable magnetron. A stabilizing load and 
phase shifter operating in vacuum allow the adjust- 
ment of the loading of the magnetron. 

Geometrical considerations limit the length of the 
accelerating gap in the cavity, and we have chosen a 
l-cm. gap as a compromise between poor geometry 
and lower shunt resistance. The cavity is an ellipsoid 
hyperboloid cavity, the electrical characteristics of 
which have been calculated by Hansen*. With a 
l-cm. gap the theoretical constants are Q@ = 12,000 ; 
R, = 2:2 x 10% ohms. The poles of the cavity are 
flattened and pierced with 3-in. diameter holes. 

The following considerations made it appear 
probable that the condition (2) on the initial energy 
could be satisfied without attempting to control the 
injection energy, but rather by using the electrons 
which originate within the cavity itself. Preliminary 
experiments with such a cavity showed that this 
current was about 20 m.amp. peak value. A theoret- 
ical study of the passage of the electron across the 
gap showed that for an electron starting from rest 
across @ l-cm. gap the process is quite efficient, and 
for starting phase angles from 40° to 80° in the 
radio-frequency cycle the electron acquires an energy 
within a few per cent of the peak voltage on the gap. 
If, therefore, the gap voltage is equal to the rest 
mass of the electron in electron volts, both conditions 
will be fulfilled by electrons starting from rest ; that 
is, kK = 0 in (2). For phase stability in succeeding 
orbits it is necessary that the electron crosses the gap 
beyond the peak of the radio-frequency cycle, the 
centre of the phase-stable region being at about 100°. 
It therefore seemed probable that the electrons start- 
ing from rest in the region of 60° and having a transit 
angle of 54° would enter the phase-stable region of 
the radio-frequency cycle and be subjected to further 
accelerations. 

To observe the orbits, which are the family of 
circles shown in Fig. 1, a target is mounted on a 
sliding vacuum seal on the opposite side of the 
vacuum chamber from the cavity, and is coated with 
fluorescent material to show the position of the orbits 
visually. With power being fed to the cavity and the 
magnetic field adjusted to the resonance value, the 
various orbits can be seen by slowly withdrawing 
the fluorescent target. As the target is withdrawn 
until an orbit just clears it, the next one appears 
at once. This is evidence that the orbits are circular 
and passing through the accelerating gap. That such 
is the case has been verified by placing adjustable 
obstructions at other points such as A. 

The fluorescent target is also fitted with an in- 
sulated Faraday collector behind a 1-mm.-wide lead 
slit to record the electron current. The current is 
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amplified and fed to a recording meter. { Fig. 2 shows 
a typical plot of the current collected as a function 
of the distance from the slit to the centre of the 
cavity. Although the eighth orbit appears broadened 
due to its proximity to the edge of the magnetic 
field, there is little, if any, loss of current between 
orbit 2 and orbit 8. 

Instead of the sharp resonance at’ 1,000 oersteds 
to be expected from (1) and (2), the resonance value 
of the magnetic field is found to be broad, and with 
@ particular cavity eight successive orbits are obtained 
for values of the magnetic field anywhere between 
900 and 1,200 oersteds. We have no adequate ex- 
planation of this, but believe it is connected with 
the possibility that electrons with the required 
phase may cross the first gap with a range of energies. 
In this way it is possible to satisfy (1) and (2) sim- 
ultaneously for a range of magnetic fields. It may be 
possible to make use of this phenomenon in future 
designs to permit the.use of higher magnetic fields 
and cavity voltages. ° 

In addition to the main resonance, other modes of 
resonance operation at lower magnetic fields are also 
observed. These may be identified with the resonance 
conditions when y = 2, 3, 4,... , and the time 
difference between successive orbits is 27’, 37’, 47',... 

W. J. HENDERSON 
H. LeCarnE 4 
R. MONTALBETTI 
National Research Council, 
Qttawa. 
May 15. 


* Veksler, J. Phys. U.S.S.R., 9, No. 3, 153 (1945). 
* Schiff, Rev. Sci. Instr., 17, 6 (1946). 
* Hansen, J. App. Phys., 10, 189 (1939). 


Sea Waves and Microseisms 


Irv is well known' that the pressure variations 
beneath a progressive gravity wave of Stokes’s type 
are insufficient, in deep water, to generate micro- 
seisms of the observed magnitude. This is because 
the pressure variations on the sea-bed decrease ex- 
ponentially with the depth. The following argument, 
however, shows the existence, in a general class of 
wave motions, of ‘second-order’ pressure variations 
which are not attenuated with the depth. 

The surface elevation in a simple stationary wave, 
for example, is given, in Lamb’s notation*, by 
(A) 7 = acoskzcosct + O(a), 
where 

o* = gk tanh kh. 


Consider the mass of water contained between the 
bottom z = — h, the surface z = y and the two vert- 
ical planes z = 0,A where A = 2x/k. There is no flow 
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across the vertical planes and therefore this mass of 
water consists always of the same particles. Therefore, 
if # is the vertical component of the total externa) 
force acting on the mass, we have, summing the 
equations of motion for each particle of mass m and 
cancelling internal forces, 

= tafe Lo 
F um Ti 7 da 
Now the forces across the vertical boundaries cop. 
tribute nothing to F; the pressure py, at the free 
surface contributes a downwards force Ap, and 
gravity a constant force Apgh. Hence 


where p is the mean pressure on the bottom. Now 
for the stationary wave (A) we have, neglecting 
compressibility, 


(potential energy). 


potential energy = | $ egn* dx 


= }Apga* cos* ot + O(a’). 
Hence 


(B) —- Zz? as gh — $ a*s* cos 2ot + O(a’). 
The second term is of order (wave-height) which 
explains why it is not revealed in the ordinary first. 
order theory. It is also of double the fundamental 
frequency and, for a given frequency and amplitude, 
is independent of the depth h. Equation (B) has been 
derived by Miche* in the course of a complete 
evaluation of the second approximation to the 
stationary wave-motion. By a slight extension of 
the present argument one can evaluate the mean 
pressure below the series of long-crested waves given 
by 
(C) »= & 
mn 
where m and n are integers and 


Cm,n* = (m* + n*)'/* 9k tanh (m*+ n*)'/*kh, (oma> 0). 
If p is the mean pressure on the bottom, we find 


Amn cos (mkx + nky + omat + ems), 


@ SP =e - 


x Oman a—m,—n Omn* cos (26m,nt + ena +e —m, —n)- 
mn 
Hence this type of pressure fluctuation occurs when- 
ever wave-trains cross which are of the same fre- 
quency and travel in opposite directions (correspond- 
ing to integers (m,n), (—m,—n)). A single wave 
train gives zero fluctuation in the mean pressure. 

These results provide the basis for a new theory of 
microseism generation. They explain how micro- 
seisms come to be generated in deep water‘, and 
why the frequency of the microseisms is sensibly 
double that of the waves associated with them. 
The theoretical orders of magnitude are in agreement 
with those observed. A fuller account of the theory 
is in preparation. 

M. 5. Lonevet-Hiaoins 
F. URSELL 
Admiralty Research Laboratory, 
Teddington, Middlesex. 
May 20. 

* Gutenberg, B., Bull. Seis. Soc. Amer., $1, 1 (1931). 
* Lamb, H., “Hydrodynamics” (6th edit., Camb., 1932). 
* Miche, M., Ann. des Ponts et Chaussées, Nos. 1-4 (1944). 
* Banerji, 8. K., Phil. Trans. Roy. Soc., A, 229, 287 (1930). 
* Gilmore, M. H., Bull, Seis. Soe, Amer., 36, 89 (1946). 
* Deacon, G. E. R., Nature, 160, 419 (1947). 
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Spreading Phenomenon and Inflammation 


A stupy has been made of the spreading activity 
of certain inflammatory agents in rabbit skin. As 
the results of this work may be of general interest, 
a brief account of them are given here. 

Using hemoglobin as an indicator of spreading, it 


has been found that the intradermal injection of 


inflammatory agents into the shaved skin of anzsthet- 
ized rabbits produces significant spreading as com- 
pared to saline controls. The agents investigated 
(concentration in mgm. per c.c.) were the following : 
trypsin (10), chymotrypsin (10), ‘Bactopeptone’ (100), 
Wittes’ peptone (100), casein digest (100), $-} satur- 
ated urea, and snake venoms (0-1) (copperhead, 
diamondback rattlesnake and mocassin), wherein the 
hyaluronidase originally present was destroyed by 
treatment with alkali’. 

The spreading observed with these inflammatory 
agents differs from that produced by hyaluronidases 
in that the rate of spreading is slow and the injected 
bleb persists as spreading proceeds. When these agents 
are injected into the skin of recently killed rabbits, 
where inflammatory cedema cannot occur, no spread- 
ing response is Observed. This demonstrates that 
inflammatory agents do not directly alter the perme- 
ability of the dermal barrier to fluid diffusion. To 
determine whether the inflammatory agents acted via 
liberation of ‘bound’ hyaluronidase in skin*, the effect 
of a hyaluronidase inhibitor upon the spreading 
activity of inflammatory agents in live rabbits was 
evaluated. Nitrated and partially de-esterified 
nitrated hyaluronates which markedly reduce hyal- 
uronidase viscosity-reducing activity by competitive 
inhibition? were used in these experiments. It was 
observed that whereas the spreading activity of 
purified testis hyaluronidase or of snake venoms con- 
taining hyaluronidase was either inhibited or abolished 
by the inhibitors, the spreading activity of these 
inflammatory agents uniformly was not affected. 

The mechanism by which inflammatory agents 
produce spreading in skin is explicable in terms of 
simple mechanical forces. It has previously been 
found that the area of spread produced by saline — 
hemoglobin mixtures is proportionate to the volume 
of fluid injected, or on the interstitial fluid pressure 
of the bleb*. Since inflammatory agents produce 
edema consequent to capillary damage in the in- 
jected area, this increases the interstitial pressure of 
the bleb, thus giving rise to greater spreading than is 
observed with the saline control. This view explains 
why the injection bleb persists (or even becomes 
higher), in association with spreading of the indicator, 
with these agents in contrast to the spreading seen 
with hyaluronidase or saline, where the bleb flattens 
as spreading proceeds. It should be emphasized that 
the permeability of the dermal barrier need not be 
affected in these acute inflammatory spreading 
reactions. 

These findings may provide an explanation for the 
fact that diverse agents ranging from simple chemicals 
like arsenious oxide to biological factors present in 
some bacteria and venoms, while without influence 
upon hyaluronic acid in vitro, nevertheless possess 
significant spreading activity in vivot. The suggestion 
is advanced that these spreading factors, some of 
which are known to be inflammatory agents, act via 
the capillary damage they induce. In this connexion, 
it may be important to note that the spreading 
activity of extracts of rabbit organs such as spleen, 
lung, and liver (prepared according to the method 
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of Claude and Duran-Reynals‘), is similar to the 
inflammatory agents studied, in that the slow spread 
obtained with these tissue extracts is not inhibited 
by nitrated hyaluronates, and the spreading response 
is absent, in the skin of dead rabbits. 

In previous studies it was demonstrated that in- 
flammatory agents present in snake venoms markedly 
increase the final area of spread produced by purified 
testis hyaluronidase’. It has now been observed that 
this augmentation of spread can be duplicated by 
non-specific inflammatory agents such as concen- 
trated urea and peptones. In experiments where a 
constant hyaluronidase concentration was injected 
with variable concentrations of inflammatory agents 
(peptones, proteolytic enzymes and aikali-treated 
snake venoms), it has been observed that the final 
area of spread is proportional to the concentration 
of inflammatory agent employed. 

These studies illustrate the importance of in- 
flammation in spreading phenomenon and may have 
implications for local bacterial invasiveness. It 
would appear that bacteria which do not produce 
hyaluronidase may spread extensively, although less 
dramatically than hyaluronidase-producing organ- 
isms, via the inflammatory changes they induce. 
The invasiveness of hyaluronidase-producing bacteria 
may depend quantitatively upon the degree and 
character of the inflammation they induce, and only 
secondarily upon the concentration of hyaluronidase 
produced in situ. 

Full details of these studies will be published 
elsewhere. This work was aided in part by a grant 
from the G. D. Searle Company. 


OscaR HECHTER 
SIDNEY SOLOMON 
Worcester Foundation for 
Experimental Biology, 
Shrewsbury, Mass., 
and 
Department of Physiology, 
Tufts Medical School, 
Boston, Mass. 
May 8. 
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Destruction of Urinary Glucuronide by 
Bacteria 


In a recent publication, Senior’! has emphasized 
the importance of the preservation of rabbit urine 
preceding estimations of its glucuronide content. 
This point has been previously made by, for example, 
Venning? and by Bucher and Geschickter* with regard 
to pregnanediol glucuronide in human urine, and 
has lately been further investigated‘. 

We have carried out experiments to try to de- 
termine what organisms may be responsible for the 
apparently complete destruction of ‘pregnanediol- 
like-glucuronide’* which may occur in unpreserved 
human urine. We have found that, whereas a number 
of common bacteria were without effect on this 
substance, its destruction, as well as that of 


added sodium pregnanediol glucuronidate, occurred 
when certain strains of Staph. albus were grown in 
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sterile urine containing the glucuronide. Our experi- 
ments suggest that more than a simple hydrolysis 
of the glucuronide may be involved in the action 
of the organism, for we have not always been able to 
detect glucuronic acid itself, which should be present 
after hydrolysis. 


Staph. albus might occur as a contaminant of 


urine collected in the usual way. Our work, however, 
does not show that this organism is the only common 
one which may be concerned in glucuronide de- 
struction, and we are at present engaged in a more 
systematic search for bacteria of the glucuronide- 
destroying type. 
Mary BARBER 
British Postgraduate Medical School, 


B. W. L. BRooKksBANK 
G. A. D. HasLewoop 
Guy’s Hospital Medical School, 
London. 


Quart. J. Pharm. and Pharmacol., 21, 16 (1948). 
H., J. Biol. Chem., 126, 595 (1938). 
Bucher, N., and Geschickter, C. F., Endocrin., 27, 727 (1940). 
Bisset, N. G., Brooksbank. B. W. L., and Haslewood, G. A. D., 
Biochem. J., 42, 366 (1948). 


* Senior, N., 
* Venning, E. 


Intermediates in Soil Nitrification 


ON somewhat indirect evidence, the theory has 
been put forward’* that hydroxylamine is an inter- 
mediate in the first stage of soil nitrification, that is, 
the stage in which ammonium ions are oxidized to 
nitrite ions. I have now tested this theory directly 


by making use of the observation® that fresh soil 
percolated with an ammonium salt and potassium 
chlorate produces no nitrate but only nitrite, because 


the chlorate ion selectively inhibits the proliferation 
of the nitrite-oxidizing micro-organisms. It therefore 
follows that if hydroxylamine is an intermediate in 
nitrite formation, a soil percolated with hydroxyl- 
amine and chlorate should produce nitrite in the 
percolate. Because the colorimetric estimation of 
very low concentrations of nitrite is simple and 
certain, the hydroxylamine may be tested at very 
low concentrations and its possible toxic effect* 
minimized. . 

The soil percolators’ were actuated by a stream 
of air, previously sterilized and freed from traces 
of ammonia by passage through M/50 copper sulphate 
in M/50 sulphurie acid, fed in through the bubbler 
tubes. In these percolators, 10-gm. lots of the crumb 
layer of San Juan chocolate soil (air-dried and 
sieved 4-0 mm.—1-0 mm.) were percolated for 24 hours 
with 100 ml. distilled water. This wash percolate 
was then discarded, and the soils repercolated with 
100 ml. of either M/10,000 potassium chlorate, or 
M/10,000 potassium chlorate containing ammonium 
sulphate and/or hydroxylamine. Parallel tests were 
also run with hydrazine in place of hydroxylamine, 
hydrazine being another possible intermediate. All 
nitrogen compounds were added to a concentration 
of 7 vgm. nitrogen per ml. percolate. After five hours 
of test percolation, the nitrite concentrations of the 
percolates were determined by the Griess — Ilosva 
reagent. The results are given in the accompanying 
table. 

These results do not prove that neither hydroxyl- 
amine nor hydrazine is an intermediate in the first 
stage of soil nitrification ; they suggest that neither 
compound acts as such when added extracellularly. 
It is possible, for example, that neither compound 
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Nitrite formation by 10 gm. lots of San Juan soil percolated wit; 
100 ml. M/10,000 potassium chlorate with or without the Ldditiog 
of various nitrogen compounds at concentrations of 7 vem. N/m) 


Nitrite-nitrogen concentration 

percolate after 5 hours perc olatig, 
(egm. N/ml.) 

<0-01 <0-01 <0°01 

0-26 0-26 0-26 ()-98 

<001 <001 <0-01 001 

<0O0l <0: <0-01 


Nitrogen compound added 
to percolate 


None 
Ammonium sulphate 
Hydroxylamine hydrochloride 
Hydrazine sulphate 
Hydroxylamine hydrochloride plus 
ammonium sulphate 0-26 0-26 
Hydrazine sulphate plus ammon- 
ium sulphate 0-29 


OM 


<U ()) 
0-26 0-3 
0-29 «0-27 «Oy 
can penetrate the cell wall, or that both are dest royed 
by other soil reactions before they can reacli the 
nitrifying cells. 

If it is true, however, that hyponitrite is an inter. 
mediate* and that carbon dioxide is essential in sojj 
nitrification’, then there is a distinct possibility thar 
the first recognizable step in nitrification in soil js 
the dismutation of ammonium bicarbonate into |iypo. 
nitrite and formaldehyde : 


NH,HCO, — HNO + H,O + H.CHO. 


This equation is tentative and lacks experimental 
proof; but the similarity it bears to the ‘basic’ equa. 
tion of photosynthesis is interesting in view of 
Godlewski’s suggestion® that the energy released by 
ammonium oxidation by the nitrifying organisms 
replaces that captured by the photosynthetic process 
in photosynthesizing organisms. 
Howarp LEEs 
Imperial College of Tropical Agriculture, 
Trinidad. 
June 1. 
‘ Martin, W. P., Buehrer, T. F., and Caster, A. B., Proc. Soil Sci. Su 
Amer., 7, 223 (1942). 
* Kluyver, A. J., and Donker, H. J. L., Chem. d. Zelle u. Gewelx 
13, 134 (19286). 
* Lees, H., and Quastel, J. H., Nature, 155, 276 (1945). 
* Lees, H., and Quastel, J. H., Biochem. J., 4, 824 (1946). 
* Lees, H., J. Agric. Sci., $7, 27 (1947). 
* Corbet, A. 8., Biochem. J., 29, 1086 (1935). 
’ Bonazzi, A., J. Bact., 6, 479 (1921). 
* Godlewski, E., Cent. Bact., II, 2, 458 (1896). 


Nomenclature of the British Littorinide 


THE currently accepted classification of the British 
Littorinide (= Lacunide) is that of Winckworth'. 
In his earlier. publication* on the nomenclature of 
this group, Winckworth assigns the species formerly 
included under Littorina, on the basis of differences 
in the methods of reproduction, to four genera, thus: 
(1) L. littorea (L.) to Littorina Ferrusac, (2) L. saxatilis 
(Olivi) to Littorivaga Dall, (3) L. neritoides (L.) to 
Melarhaphe Menke and (4) L. obtusata (L.), L. 
estuarit (Jeffreys) and L. littoralis (L.) to Neritoides 
Brown (the occurrence of obtusata in Great Britain 
being, however, thought doubtful). “It has long been 
known that L. littorea has pelagic egg-capsules and 
passes through a free Veliger stage, while L. rudis 
is viviparous and L. littoralis, like the species of 
Lacuna, deposits eggs in oothece on the seaweeds.” 
To the objection that these differences are ecological 
and should have no place in a classification based 
on morphology, Winckworth’s reply was: ‘The 
closest groups are Littorina and Neritoides and to my 
mind the distinction between a Molluse with a free 
Veliger stage and one that does not pass through this 
stage still remains of generic importance, while in 
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other groups the genera could be separated on 
anatomical and conchological distinctions. Those 
who do not see with me in this may regard the names 
as of a sub-generic rank.’’ Accordingly, in his later 
publication’, he treats Littorivaga, Melarhaphe and 
Neritoides as sub-genera of Littorina, without any 
further discussion. 

In a previous communication’, I reported the occur- 
rence of oviparity in some of the so-called varieties 
of L. saxatilis (a species that has always been con- 
sidered to be viviparous) at high-tide levels on the 
shore at Cullercoats, and suggested that these thin- 
shelled rudissima forms should be regarded as dis- 
tinct from the thick-shelled rudis forms as well as 
from the other viviparous varieties and sub-species 
of L. saxatilis. Further studies have, however, 
revealed that while the rudis forms are always vivi- 
parous and distinct, a small proportion of the thin- 
shelled animals which are otherwise indistinguishable 
from the oviparous ones do contain shelled embryos 
in the uteri. One is led to the conclusion that here 
is a case of the same species exhibiting both the 
iparous and the viviparous modes of reproduction 
even in the same locality. 

A careful study of the available literature has also 
revealed that such cases of poecilogony have already 
been recorded among the Gastropods. Pelseneer* 
states: “There is no clear demarcation between the 
oviparity proper of the generality of Molluses and 
ovoviviparity which is realized in some of the special- 
ized forms”, and gives several instances where the 
same species may reproduce either by the one or 
the other method according to circumstances (for 
example, Helix carthusiana, Achatina panthera, Balea 
perversa). Regarding the stage of emergence from 
the egg-capsule and the duration of free larval life, 
also, variations are possible within the same species. 
Thorson® mentions the case of Brachystomia rissoides, 
which varies both in egg-size and in the larval de- 
velopment (pelagic or non-pelagic) from place to 
place. The same author also describes examples 
Planazis sulcatus, Natica catena, ete.) in which the 
embryos may hatch at any time and in any stage 
of development depending upon the quantity of 
nourishment (‘nurse-eggs’) available to them in the 
egg-capsules, and a planktonic larval phase may or 
may not be present according as the ‘nurse-eggs’ are 
few or plentiful. These ‘nurse-eggs’ may vary con- 
siderably in number in a given species not only from 
place to place but also within the same locality. In 
the case of Thais hemastoma‘, ‘nurse-eggs’ may be 
completely absent in one place while present in 
another, a planktonic larval stage being present in 
the former but not in the latter. Finally, there are 
the observations of Tattersall on the hatching of 
L. obtusata (= L. littoralis, according to Colman’) 
under laboratory conditions in south-western Ireland ; 
while a planktonic stage is known to be absent in this 
species, in this particular case the eggs hatched out 
as late veligers and had a short planktonic phase. 
Colman*, who repeated the experiment in finger- 
bowls at the Plymouth laboratory, found that the 
young ones hatching out of the egg-capsules “always 
‘rawled out and never swam”. He concludes: “AI 
that can be said from these observations is that under 
roughly similar laboratory conditions there was a 
listinct and important difference in the hatching 
stages of L. obtusata from South-western Ireland and 
from Church Reef”’. 

In the light of the circumstances summarized 
above, it may be suggested that the (generic or) 
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sub-generic differences recognized by Winckworth are 
not valid. A fuller discussion will be published else- 
where along with the details of the work on L. 
saxatilis. 

My thanks are due to Prof. A. D. Hobson, under 
whose supervision this work has been carried out. 

G. SESHAPPA 
Dove Marine Laboratory, 
Cullercoats, 
Northumberland. 


June 25. 


* Winckworth, J. Conchology, 19, 7, 221 (1932). 

* Winckworth, Proc. Malac. Soc., 15, 95 (1922). 

* Seshappa, Nature, 160, 335 (1947). 

* Pelseneer, Acad. Roy. Belgique, Cl. Sci., Pub. Fond. Agathon De Potter, 
1 (1935). 

* Thorson, Medd. Komm. Danmarks Fiskeri-og Havunders, 
Plankton, 4, 1, 430 and 431 (1947). 

* Colman, J. Mar. Biol. Assoc., 18, 2, 472 (1933). 

* Colman, Biol. Bull., 62, 3, 223 (1932). 
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Ustilago microchloe: a New Record 


# Recentiy, Dr. H. F. Mooney collected some 
grasses from the sandy soil around Angul, Orissa. 
These were sent to me in the ordinary way for naming 
at Kew. The specimens were 4-7 cm. high, and were 
peculiar in that each stem terminated in a dark 
fruit-like swelling. These were due to a smut Ustilago 
microchloe Syd. et Butler, the host plant being 
Microchloa indica (Linn. f.) Beauv. (syn. Microchloa 
setacea R. Br.). As no material of the smut was 
available for comparison at the Kew Herbarium or 
at the Commonwealth Mycological Institute, Kew, 
a request was sent to Stockholm for a loan of the 
type specimen in Sydow’s herbarium. This was made 
available through the courtesy of Dr. Arwidsson of 
the Naturhistoriska Riksmuseet, and the provisional 
identification of Ustilago microchloe was confirmed. 
A point of interest in this smut is that the whole 
inflorescence, which is usually 5—7 cm. long in normal 
plants, is replaced by one fruit-like ovoid body of 
This is packed with soot-like 
smut spores. By further correspondence I was 
able to secure additional specimens which are 
being distributed to Kew, New Delhi, Stockholm, 
Paris, Farlow Herbarium, Cambridge, Mass., and 
the U.S. Department of Agriculture, Washington, 
D.C. 

This smut was first collected by Butler on Septem- 
ber 19, 1903, at Bilikere in Mysore, and was described 
by Sydow and Butler! in 1906. This collection was 
cited by Butler and Bisby* in 1931; but I am not 
aware of any further gathering until the present one 
by Mooney (August 18, 1948). The latter appears to 
be the first record for Orissa and extends the known 
range of the species several hundred miles to the 
north-east of Mysore. Mooney says: “the grass is very 
inconspicuous and ephemeral and seemingly rarely 
collected’’. The present plentiful gathering is there- 
fore valuable in allowing distribution of this rare 
and interesting species, besides giving a new record 
for Orissa. 


only 2 mm. in diam. 


D. CHATTERJEE 
c/o Royal Botanic Gardens, 
Kew. 


Sept. 25. 


! Sydow, H. et P., and Butler, E. J., Fungi Ind. Orient. in Ann. Mycol., 
4, 427 (1906). 
* Butler, E. J., and Bisby, G. R., ““The Fungi of India’’, Imp. Council 


Agric. Research Monograph, 1, 49 (1931). 
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Resistance to the Potato-Root 
Eelworm 


Since 1941, I have been testing South American 
tuber-forming Solanum species for immunity and 
resistance to the potato-root eelworm. The material, 
kindly supplied by Dr. P. 8. Hudson and Dr. J. G. 
Hawkes, of the Commonwealth Bureau of Plant 
Breeding and Genetics, Cambridge, forms part of 
the Commonwealth Potato Collection’. An interim 
report on this work was published in 1945, when 
about fifty forms had been examined. Since then, 
however, owing to a grant from the Commonwealth 
Agricultural Bureaux, it has been possible to increase 
the scale of the tests, and about seven hundred forms 
have now been examined. 

The plants are grown in duplicate, in pots of in- 
fected soil sunk in the field. At the end of the season, 
the roots are examined in the field for eelworm cysts. 
Only in the case of a single type has this examination 
failed to reveal cysts; in 1945, no cysts were found 
on either of the extensive root systems of two well- 
grown specimens of S. Ballsii. The same result was 
obtained with two plants of the same species tested 
in 1946; however, while microscopic examination 
of roots stained with acid fuchsin had revealed no 
larve in the roots of the 1945 specimens, larvee were 
found in 1946. More material was available in 1947 
and tests were carried out on eleven plants. Again 
no cysts were found in the field ; but on this occasion 
microscopic examination revealed the presence of a 
few very small cysts on the roots of some of the 
plants. 

I have already referred to the difficulty of assessing 
relative resistance*, and my subsequent work has 
emphasized this*. Nevertheless, the conclusion seems 
amply justified that, whereas S. Ballsii is not immune, 
it does appear to be exceptionally resistant. Mai and 
Lownsbery, of Cornell, have kindly allowed me to 
state that their preliminary trials with this form tend 
to support this finding. 

C. ELLENBY 

Department of Zoology, 

King’s College, 
Newcastle-upon-Tyne. 
June 4. 


* Hawkes, J. G., Imp. Bur. Plant Breed. and Genetics Memorandum 
(Cambridge, 1944). 

* Elilenby, C., Emp. J. Exper. Agric., 18, 158 (1945). 

* Ellenby, C., Ann. App. Biol., 33, 433 (1946). 


‘Weeding’ in Fish-Farming 


THE papers by Dr. C. F. Hickling in Nature of 
May 15 and by Messrs. L. H. N. Cooper and G. A. 
Steven in Nature of April 24 are related. In particular 
is this so in the case of ‘weeding’. 

In the Far East, fish culture by the peasants is 
traditional, either in inland waters or in enclosed 
areas “‘bunded off’ from the sea. I will give two 
examples of how ‘weeding’ is dealt with, at the 
peasant level. for these people have been faced for 
countless generations with the same problems that 
Messrs. Cooper and Steven discuss at some length 
in their article. 

In the brackish water ponds of Java, where 
Chanos chanos (Forsk.) is cultivated, there are growths 
of Zostera and related genera, Ruppia, Chondrocrispus 
and other alge which are not eaten by the fish. -The 
fish are harvested by emptying the ponds and netting 
from a sump. I have seen the peasants at Soemenep 
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in Madura digging the plants and alge into the pon 
as green compost prior to refilling with wator fo 
the next crop of fish. In our small fish cultuy 
station at Tapah in Malaya we are carrying this , 
stage further, literally by composting the weeds 
together with a considerable quantity of inci: lenta| 
molluses, worms, crustaceans and the egys oj 
Amphibia. This compost is being permitted to rm 
on the sides of the ponds and is ultimately returned 
to the ponds as manure. Critical analyses of th, 
results will be published elsewhere. 

In the Chinese-type pond, where the main specie 
cultivated are Ctenopharyngodon idellus (Cuv. an) 
Val.), Hypophthalmichthys molitrix (Cuv. and Val 
and Arristychthys nobilis (Richardson), the ‘weeding 
and composting take a different form. The floral 
population of the ponds is normally a rich phyto. 
plankton. On this, a varied crustacean plankton 
fauna and small cyprinid fish fauna thrive, thus 
perpetually reducing the essential productivity «f the 
pond so far as the cultivated fish are concerned. The 
Chinese peasant realizes this, and in many ponds | 
have seen them seine-netting their pond with a fine. 
mesh net twice a week in order to catch these 
incidental organisms. These are then put into a 
‘mash’ which is fed to ducks and pigs living in pens 
on the side of the pond. The phosphates and nitrates 
are then returned to the pond by sweeping the pig 
and duck-droppings back. The Chinese peasant tests 
the nutrient salt concentration of the pond by 
judging the density of the phytoplankton in the 
water, into which he will throw a broken piece of 
white crockery, and by taking a mouthful of the 
water and gargling with it to ensure that the water 
is ‘sweet and fat’. 

An extension of this principle of ‘weeding’ as 
applied to the sea has come to light as the result of 
preliminary studies on the catches of the small. 
mesh nets used by the fishermen in the Straits of 
Malacca between peninsular Malaya and Sumatra 
Here we have a constantly moving body of water 
which is almost totally surrounded by land on three 
sides. There is a perpetual run-off from the rich 
voleanic mountains of Sumatra and the less rich 
mountains of Malaya. The bulk of the food fish of 
Malaya are pelagic and pelagic feeders; but the fish 
population also contains a mass of small fish which 
never grows to more than three inches in length. 
They consist largely of Percomorphs. On the west 
coast of Malaya alone about twenty thousand tons 
per annum of these small fish are taken by specially 
designed fishing gear with small meshes, and are 
specifically fed to pigs and ducks or used as agri- 
cultural fertilizer. Throughout the year, only 7 per 
cent of the catch is the young of fish which when 
adult are used as human food. As the result of 
studies by this Department, it seems clear that the 
taking of this mass of small fish from the sea per- 
petually is a form of ‘weeding’ which permits those 
species which are of economic value as human food 
the more readily to grow and proliferate. Con- 
sequently, under these conditions, a rational employ- 
ment of small-meshed nets is encouraged, as it pro- 
motes proper conservation of our fish resources and 
plays an important part in the ultimate production 
of protein food. 


Vol. {62 






D. W. LE Mare 
Fisheries Department, 
Federation of Malaya and Singapore, 
Penang. 
July 21. 
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IN THE PHENOMENON OF A ‘CEILING TEMPERATURE’ 


By Dr. F. S. DAINTON and K. J. IVIN 
Department of Physical Chemistry, Cambridge 


LL addition polymerizations are exothermic 
A and involve a decrease in entropy. The heat 
if reaction (g AH) and the decrease in entropy 

AS) per mole of monomer polymerized really 
refer to the values of these quantities appropriate 
to the propagation step, at the concentration of 
monomer (= [m,]) prevailing in the system*. We 
may write this reaction conventionally as 
-E/kT, m, . 


ky Ape mj* > mj}+ 1 
q (k.cal.mole™), (1) 
in which m;* denotes an active species, either a radical 
or an ion, containing j sub-units, m, denotes mono- 
mer, kp the rate constant, Ey the energy of activation 
and Ay the frequency factor. From the principle 
of microscopic reversibility, it can be shown that a 
reverse reaction, which we shall call the depoly- 
merization reaction, also exists, namely : 
ka Aq e~FwkT, m, — q. (2) 
This was first pointed out by Taylor and Tobolsky’, 
and later, Tobolsky and others* showed that at any 
temperature an equilibrium molecular weight distribu- 
tion exists which can be demonstrated for a solution 
of styrene in toluene at 100° C., and approached from 
both high and low molecular weight sides by a supply 
of free radicals. More recently, Grassie and Melville* 
have shown that under conditions in which the 
equilibrium is artificially displaced by continuous 
removal of monomer, the depolymerization of poly- 
methyl-methacrylate radicals will proceed to com- 
pletion. In the course of a study of the copolymeriza- 
tion of olefines and sulphur dioxide* we have re- 
considered the effect of temperature on polymeriza- 
tion reactions in general and conclude that, as the 
temperature is increased, the rate should first rise 
exponentially, then pass through a maximum value 
and finally fall to zero at a ‘ceiling temperature’ (7',) 


6 
mj* —> mz —1* + 


, AH . : 
defined by 77, = —j@, and which, under certain con- 


AS 

ditions, should be realizable experimentally’. The 
main features of the argument and conclusions are 
outlined below. 

(a) Kinetic Argument. The propagation reaction (1) 
generally has a small energy of activation but a large 
negative entropy of activation (A*,+). For example, 
Bamford and Dewar* have shown that for the poly- 
merization of styrene Ey = 6-5k.cal., Ap = 1-02 x 10° 
litre mole sec.~!, that is, ASp*— — 35 cal.mole™ 
deg". For reactions in the liquid phase for which 

* The justification for this statement is as follows. Let the average 
number of monomer units (m,) per polymer molecule (mr) be r, and 
the increment in any thermodynamic function zx per molecule of mono- 
mer added in the propagation step be 4x», per molecule of monomer 
activated (m, —> m,*) in the initiation process be 6z;, and per polymer 


chain terminated (m,*—+ m,) be 6x;. Assuming 5zp to be independent 
of chain-length, the value of A z, theincrementin x for 1 mole of mono- 


N 
mer polymerized (Nm, — 7 Mr, where \ 6-023 10") will be 


N 
given by Az = (7 — 1) Oxy + > 6x4 + 6x. For long chains, 


r~r—1, the last two terms may be neglected and therefore 

x = Nézy. Since Ax is determined solely by the initial (monomeric) 
and final (polymeric) states of the system, the interesting corollary 
is that 6x» is independent of the reaction mechanism, that is, AS = 
A» Aq, and @ should have the same values whether mj* is a radical, 
ion or is merely polarized. 


AE* =~ AH*®, we may write Eqg= E, — AH® = 
Ey + q, but also Ag should be much larger than A», 
ot the order of magnitude 10t'* sec.-! characteristic 
of unimolecular decomposition processes. Correspond- 
ingly, ASg? = AS,t — AS®~0. Since heats of poly- 
merization lie in the range 10-20 k.cal.mole, kg 
will increase with temperature much more rapidly 
than kp and there may well be a temperature above 
which it is no longer justifiable to neglect kg in com- 
parison with kp[m,]. The rate of reaction should 


then be written 
d[{[m,] “ ; ’ : 
=: 7 X[m;*] {Ap[m,] e — Pe/RT — 


Age — (Es+ Q/RT} (3) 


When steady state conditions are attained the con- 
centration of growing ends, that is, L[m,*], will be 
a function of the initiation and termination rates 
only. For photochemically initiated chains this 
term may decrease with temperature, whereas for 
thermally initiated chains it will always increase due 
to the considerable energy of activation of the initia- 
tion reaction. The form of the terms in brackets is 
depicted in Fig. 1 and the forms of the log rate vs. 1/T 
curve for the two cases of photochemical and thermal 
initiation will therefore take the form shown in 
Fig. 2. There is thus a ‘ceiling temperature’, 7’, 
characteristic of every reaction, and above which it 
will not proceed. From equation (3) 


a ae 
: A 
2-303 R logis (+ ;) 
Apna 
— AH 


cempeemeace em: | EE 
— 2-303 R 4 log,, “2 + log,[m,]} 

iT Ad s 
and therefore the ceiling temperature (1) is propor- 
tional to the heat of polymerization, (2) increases 
with the monomer concentration, (3) is independent 
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Fig. 1. Variation with temperature (7) of the propagation (kp[m,] ) 
and depolymerization (kg) velocities in liquid styrene. ‘Data: 
Ap = 1°02 x 10°, Ep = 6°5 K.cal.,(m,] = 8M, Eg = (6-5 + 16-1) 
k.cal., Ag assumed = 10°. All in litre—mole-sec. units 
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of the mechanism of the initiation and termination 
reactions, provided the same type of product is 
formed, that is, Ag/Ap constant, and (4) is the tem- 
perature at which the specific viscosity of a solution 
of the final polymer should have fallen to zero. 

(6) Thermodynamic Argument. At the ceiling 
temperature the reaction-rate is zero and the system 






is in thermodynamic equilibrium. Writing AG = 
0 = AH — T,.AS 
a AH . 
7. AS’ (5) 


where AH and AS refer to the change in the thermo- 
dynamic functions for the reaction carried out at 
the prevailing monomer concentration. If the 
standard state refers to unit concentration and the 
monomer behaves ideally, AS = AS®* + R log [m,], 
whence 
AH 

AS® + 2-3R logy, [m,] 


Equation (6) emphasizes that 7; is characteristic of 
the monomer-polymer relationship only and is quite 
independent of reaction mechanisms, that is, whether 
free radicals or ions or polarized double bonds are the 
active centres. 

The link between equations (4) and (6) is the 
usual one between the kinetic and thermodynamic 
approach to problems of reaction kinetics. On the 
transition state theory* a frequency factor A = 


Te 





(6) 


2 kT , ASt/R . : ; : 
ef « * and making appropriate substitution 
AS® = AS,? — ASy? Rlog(4) and 
A S>? Sa? og \Ap/ and equation (6) 
becomes 
r = AH 
. AS® R log [m,] — 


convateinSiiapems € 

9.3 R log (— la _\ , 

ae “4 Aplm,)/ 
Measurements of ceiling temperatures and heats of 
polymerization thus have a dual importance thermo- 
dynamically’ First, they permit actual entropy 
changes in polymerization reactions to be determined, 
and secondly, if g is known as f(m,), the variation 
of T; with [m,] can be used to examine any departures 
from ideal behaviour of monomer solutions. 

(c) Eaperimental Verification. Existing data 
concerning the polymerization of single vinyl com- 
pounds do not provide a rigid test of these conclu- 
sions. There are many reasons why this should be 
the case. The ceiling temperature may be so high that 
in this temperature region the monomer may be 
cracked or the thermal initiation be so rapid that 
the photochemical reaction cannot be adequately 
studied separately. Nevertheless it is interesting 
that, taking A», = 1-02 x 10* litre mole sec.', 
Ep = 6-5%, Ag = 10* sec.-! and g = 16-1 k.cal.*, 
the ceiling temperature for liquid styrene ( [m,] = 8 
mole litre-') deduced from equation (4) is 299°C. 
We have found that liquid styrene sealed in capillary 
tubes polymerizes rapidly at 300° C., but a solution 
of polystyrene in the monomer depolymerizes readily 
at 330°. Unfortunately the absolute rates at these 
temperatures are too large to permit accurate veri- 
fication of the existence of a maximum rate. Further 
experiments are projected with molar solutions of 
styrene for which 7; may be in the region of 220°- 
230° C. 


NATURE 











October 30, 1948 


Vol. 52 



































font. a 
log, (Rate in gm min Photochemical initiotion ] 
polymer) 7. seem Ie - 7 
| } 
oe 
3-0 a — oe | 
pw— 
f | oa Benzoyl peroxice 
| initiation 
| 
/5s f+ —_+_— — 
@ ; 
10/ T*k | 
| 3:04 3-12 3:20 3:28 
L , " - j 
Fig. 2. Temperature dependence of the rate of polysulphone 


formation in mixtures containing 1 mole of 1-butene in 10 moles 

sulphur dioxide. and @ denote experimental observation for 

photochemical and peroxide initiation. Full lines represent 
theoretical variation 


The same principles apply to copolymerization 
reactions. In the special case of the copolymeriza. 
tion of sulphur dioxide and olefines‘, points (3) and 
(4) in section (a) have been verified, and Fig. 2 shows 
data we have obtained for 1-butene—sulphur dioxide 
mixtures in which the mol fraction of the olefine is 
0-091. The three ceiling temperatures observed for 
the photochemical reaction, the benzoyl peroxide 
catalysed reaction, and the silver nitrate catalysed 
reaction all lie in the range 62-64°C. Moreover, 
the values obtained by the short extrapolation of the 
2 vs, T curves are also within these limits. Such 
constancy of 7’, is the more striking in view of the 
mixed termination mechanism which is operative 
and also in that the dead polymer is not reactivated 
in the reaction. In fact, at 77°C., l-butene poly- 
sulphone, either alone or in the presence of radicals, 
does not revert to reactants. Some support for these 
ideas is also afforded by the work of Snow and Frey’, 
who observed that the ceiling temperature varied with 
the olefine used. The order of increasing ceiling tem- 
peratures (isobutene, 4°C.; 2-butene, 43°C.; 
l-butene, 63°C.; propylene, 87°C.) is the order of 
decreasing steric hindrance in the polymerization 
reaction and therefore also the probable order of 
increasing heat of reaction. Accurate measurements 
of the heats of formation of polysulphones are now 
in progress (see note at end, p. 707). 

The detailed kinetics of the 1-butene reaction can- 
not be discussed here. It must suffice to say that 
radical with a butene end can only add sulphur 
dioxide and vice versa. If the corresponding fre- 
quency factors are A,’ and A,*, and for depoly- 
merization are Ag and Ag‘, it can easily be shown 
that 





Aq@ Ad } 

Te = 9/2-303 logis lay [SO,) 4)’ [Bus (8) 
q was found from calorimetric measurements to be 
22 k.cal., and hence AS = — 66 cal. deg.’ per mole 
SO, and butene polymerized. The full lines in Fig. 2, 
Ay? Ay’ 

Ag Ad 

2-77 < 10 litrest? mole; that is, AS®* = — 64-95 
cal. deg.-' per mole SO, + butene. If we assume 
Ag? = Aq’ = 10" sec.“, then Ap* Ap’ = 3 x 10" 
litre* mo le~* sec.-*. This latter value is not unreason- 


corresponding to 7’, = 62-7°C., imply that 
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able for the product of the two (probably unequal) 
propagation frequency factors and should be com- 
pared with the value of 10'* litre? mole? sec.~* for 
the product of two successive (equal) propagation 
frequency factors in styrene. 

We wish to express our thanks to the Royal 
Society and the Chemical Society for grants made in 
aid of this investigation. 

Note added in proof, October 4, 
now obtained direct experimental 
points (1) and (2) in section (a). Thus, in 1l-butene 
polysulphone formation JZ, depends on [Bu][SO,] 
exactly as predicted in equation (8) ; 
reaction for 1-butene is 22-0 + 0-7 and for 2-butene 
320-5 + 1-7 k.cal., indicating that the lower 7, for 
the latter is due to the smaller g, as suggested. 
We are indebted to Mr. D. G. L. James for help with 
the adiabatic calorimetry.) 
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1948.—We have 


‘Taylor and Tobolsky, J. Amer. Chem. Soc., «. “Ry (1945). 
Tobolsky and Mesrobian, J. Amer. Chem. Sc 785 (1945): 
J Polymer Sci. , 2, 463 (1946); qTobebky ont Sets, J. Phys. 
‘oll. Chem., 49, 77 (1945). 
om and Melville, Trans. Faraday Soc., contribution to discussion 
‘Labile Molecule’’ held in September 1947. 

Details will be published elsewhere. 

'The ceiling temperature phenomenon in the copolymerization of 
sulphur dioxide and oletines was discovered in 1938 by Snow 
and Frey’. The cause was then unknown. 

‘Bamford and Dewar, Proc. Roy. Soc., A, 192, 309 (1948). 

Snow and Frey, Ind. Eng. Chem., 30, 176 (1938); J. Amer. Chem. 
Soe., €5, 2417 (1943). 

'Glasstone, Laidler and Eyring, “ 
Hill, 1941). 

‘Tong and Kenyon, J. Amer. Chem. Soc., 68, 


Theory of Rate Processes”’ (McGraw- 


1402 (1947). 


UNIVERSITY OF BERGEN 


was opened on 
of Norway. At 


HE University of Bergen 
August 30 by the Crown Prince 


the same time three hundred new students were 
matriculated and welcomed. 
The University of Bergen starts with three 


faculties, namely, mathematics and natural sciences, 
humanities, and medicine. It will be further built 
ip in accordance with plans prepared by a com- 
mittee for the University, which forwarded its pro- 
posals to the executive body so long ago as 1939. 
The Faculty of Mathematics and Natural Sciences 
and the Faculty of the Humanities are being de- 
veloped from the old and well-known institution, the 
Bergen Museum, whereas the Faculty of Medicine 
is based on the municipal hospitals and the State 
gynecological hospital in Bergen. From August 30, 
1948, these different institutes are associated together 
ih & common scientific institution, the University of 
Bergen. 

The Bergen Museum already had ten different 
departments, eight of which now belong to the 
Faculty of Mathematics and Natural Sciences. These 
departments are the following: (1) Zoology, pro- 
fessorship for the moment vacant, (2) Mineralogy 
and geology, Prof. N.-H. Kolderup. (3) Systematic 
botany, with a botanic garden, Prof. K. Fegri. The 
ollections belonging to these departments are 
kept in the old main building of the former Bergen 
Museum. A biological station built in 1927 at Herdla 
in the neighbourhood of Bergen is associated with 
the Department of Zoology. (4) General botany, 
Prof. O. Hagem. (5) Chemistry (and biochemistry), 
Prof. T. Gaarder. In the Geophysical Institute, 
which was built in 1928 in the neighbourhood of the 
main building of the Bergen Museum, three different 
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departments have laboratories, offices and workshops : 
(6) Oceanography, Prof. H. Mosby. (7) Meteorology, 
Prof. C.-L. Godske. (8) Cosmic physics with terrestrial 
magnetism, Prof. B. Trumpy. According to the plans of 
the committee of 1939, the Department of Cosmic 
Physics will take over the duties of a Department of 
Physics at the new University. Two new institutes 
are now being built in the neighbourhood of the 
Geophysical Institute. According to present plans, 
these buildings will be completed and come into use 
during the session 1949-50. They will provide lab- 
oratories, offices and workshops for the Departments 
of Chemistry, General Botany and Physics. 

It may be mentioned that on the initiative of 
O. Dahl and B. Trumpy a laboratory building for 
nuclear physics has just been completed to plans 
drawn up by them. In the near future it is hoped 
to begin work on the installation of a 1-8-MeV. van 
de Graaff generator and a 50-MeV. betatron in this 
building. The Institute of Nuclear Physics, which 
has been built by the aid of funds not appearing in 
the University budget, will nevertheless in the future 
be the property of the University. 

Funds for a professorship in mathematics have 
been granted from the beginning of the year 1948-49 ; 
and an appointment will be made in the near future. 

At the present time, the Faculty of the Humanities 
consists of two departments only. The correspond- 
ing departments of the former Bergen Museum, 
namely, the Department of Archeology (Prof. Johs. 
F6.), with valuable collections relating to the old 
history of Norway in the new Museum (1927), and 
the Department of Norwegian Philology (Prof. O. 
Skulerud), have been taken over unchanged by the 
University. 

A professorship in philosophy is vacant; a new 
professor will be appointed in the near future. For 
the moment, a number of temp rarily app inted in- 
structors are lecturing on different subjects belonging 
to the Faculty of the Humanities, as, for example, 
philosophy, Latin, general philology, phonetics, and 
different living languages such as Norwegian, English, 
French and German. It is to be hoped that the 
Norwegian Government will "encourage the rapid 
development of the new University by establishing 
the necessary new teaching posts in the Faculty of 
Mathematics and Natural Sciences, as well as in the 
Faculty of the Humanities. 

As mentioned before, the Faculty of Medicine is 
based upon the municipal hospital in Bergen— 
Haukeland Sykehus—and the State gynecological 
hospital in Be rgen. The instruction of medical 
students started at these hospitals in 1946 as a sub. 
section of the Faculty of Medicine of the University 
of Oslo. From August 30, 1948, the section in Bergen 
has been working as an independent faculty at the 
new University. 

Medical studies in Bergen will for the present be 
purely clinical. Instruction in the pre-clinical sub- 
jects will temporarily be given only at the University 
of Oslo. Indeed, the institutes of anatomy and 
physiology in Oslo have a considerably greater 
capacity for instruction than the clinical departments ; 
consequently the extension of the possibilities of 
clinical studies by the foundation of a Faculty of 
Medicine at Bergen had become very desirable. 

The departments of the Faculty of Medicine at 
the University of Bergen are as follow: gynecology 
and obstetrics (Prof. J. Lévset); pathology (Prof. 
E. Waaler); surgery (Prof. H. Gade); clinical 
medicine (Prof. H. Rasmussen) ; dermato-venerology 
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(Prof. I. Rokstad); psychiatry (Prof. F. Rud) ; 
bacteriology (Prof. Th. M. Vogelsang) ; roentgenology 
(Prof. 8. N. Bakke). Instruction is also given in 
pharmacology, orthopedics and hygiene. 

On July 9, 1948, an act creating the University of 
Bergen was sanctioned by the King’s order in council. 
[t was decided that the University, during a transition 
period, should be governed by a temporary senate, 
consisting of: Prof. B. Trumpy, Rector of the 
University; Prof. E. Waaler, dean of the Faculty of 
Medicine ; Prof. N.-H. Kolderup, dean of the Faculty 
of Mathematics and Natural Sciences; and Prof. 
Johs. Eés, dean of the Faculty of the Humanities. 

B. Trumpy 


RULES OF ZOOLOGICAL 
NOMENCLATURE 


URING the thirteenth International Congress 

of Zoology, which closed in Paris on July 27, 
the International Commission on Zoological Nomen- 
clature, holding its first meeting since the close of the 
Second World War, put forward a comprehensive 
programme for the reform and development of 
zoological nomenclature. All the thirteen meetings 
held by the Commission were open to all the members 
of the Congress, who were thus enabled to take an 
active part in the discussion of the proposals put 
forward by the Commission. As a result it was possible 
not only to obtain decisions on a much larger number 
of questions than would otherwise have been prac- 
ticable, but also to ascertain much more readily the 
needs and general wishes of zoologists. The scheme 
finally adopted was approved unanimously by the 
Section on Nomenclature and, on the recommendation 
of the Section, by the Congress itself at its final 
plenary session. 

Prior to the opening of the Paris meeting, extensive 
discussions had been undertaken by the Commission 
with leading scientific institutions and individual 
specialists in different. parts of the world, with the 
double purpose of dr@Wing up a scheme which would 
ensure for the Commission the highest possible 
representative and international character, and 
would secure that at the Paris meeting all practicable 
measures should be taken to improve and develop 
the Régles Internationales de la Nomenclature Zoo- 
logique. 

Measures taken to secure a fully representative and 
international character for the Commission. Hitherto 
the International Commission has had a fixed member- 
ship of eighteen commissioners, but in future there 
will be no fixed upper limit to its membership, though 
the number of eighteen will be retained as the 
minimum membership. Under the new system it 
will be possible therefore for the zoologists of any 
country in which any considerable body of zoological 
work is being carried out to have direct represen- 
tation on the Commission. The change now made 
will make it possible also for the Commission to call 
to its membership leading specialists in particular 
fields irrespective of country. Machinery is at the 
same time provided for consultation with the leading 
scientific institutions in any country in regard to the 
selection of its representative on the Commission. 

Measures taken to reform the procedure of the Com- 
mission. The extensive series of changes in the pro- 
cedure of the Commission are designed to secure that 
in future the Commission shall be able to reach 
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decisions much more rapidly than has been possible jp 
the past. The most important single reform is the 
abandonment of the Liberum Veto under which cither 
during a meeting or when business is conducted by 
correspondence a single member of the Commission 
could prevent any decision being taken by the 
Commission either in the formulation of recom. 
mendations for the improvement of the Régles, or jp 
the use of the plenary powers given to the Commission 
to conserve zoological names which are in common 
use but are technically defective. Other reforms 
agreed upon are designed to eliminate all unnecessary 
delay in the consideration of nomenclatorial problems 
submitted to the Commission by specialists. It jg 
hoped that under this revised procedure it wil! 
normally be possible for the Commission to pro. 
mulgate its decision on any question put to it within 
eighteen months of the date of the application. 

Reform and development of the Régles. At the 
opening of the Paris meeting, the Régles in force 
were substantially the same as those which had been 
adopted at the Congress of Zoology held in Berlin in 
1901. The object of the reforms now agreed upon 
is to clarify the text of the Régles, which experience 
has shown to be in many cases obscure, to make the 
Régles more comprehensive by introducing provisions 
on questions not hitherto included in that instrument 
and, where necessary, to introduce changes into them 
in order to bring their provisions into harmony with 
general wishes. By these means it is hoped to 
retain everything that experience has shown to be 
valuable, to eliminate all those passages which have 
been found to be unsatisfactory, and to meet the 
needs of zoologists by the introduction of provisions 
on matters which have hitherto not been subject 
to international regulation. 

Codification of the international law on zoological 
nomenclature. A large part of existing international 
law on zoological nomenclature is to be found not 
in the Régles themselves but in “‘Opinions’’ rendered 
by the International Commission acting in the 
judicial capacity entrusted to it by the International 
Zoological Congress at Boston in 1907. The complex 
body of case law which has thus grown up over the last 
forty years has made the task of zoologists extremely 
difficult. A wide welcome will therefore be given 
to the decision now taken in Paris to codify the law 
by incorporating in the Régles themselves the decisions 
hitherto embodied only in the “Opinions” of the 
Commission. Another reform of great practical value 
is afforded by the decision to record in special schedules 
attached to the Régles the decisions taken by the 
Commission in particular cases. With regard to 
decisions to be taken by the Commission in the 
future, these will be of either of two kinds: (1) 
decisions on matters of principle which will be issued 
as Declarations and take the form of proposed amend- 
ments to be incorporated in the Régles after approval 
by the next Congress ; and (2) decisions on individual 
cases which will be issued as Opinions and which 
after the next Congress will be inserted in the appro- 
priate schedule to the Régles. Thus the Commission 
intends to ensure that in future a zoologist will be 
able to find the whole body of international law in 
regard to zoological nomenclature within the covers 
of a single volume. 

Preparation and promulgation of the revised sub- 
stantive French text of the Régles. Recognizing the 
highly technical problems inevitably involved in the 
preparation of a substantive text giving effect to the 
numerous changes which have now been agreed upon, 
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the Congress, on the advice of the Commission, 
decided that this task shall be entrusted to jurists 
before whom the decisions of the Congress will be 
laid; the text prepared by the jurists will be sub- 
mitted to the members of the Commission for final 
approval; the task of considering any drafting points 
which may emerge from the foregoing consultation 
has been entrusted to a special Committee of three, 
consisting of: Mr. Francis Hemming (United King- 
dom), secretary to the Commission ; Dr. van Straelen 
(Belgium) and Prof. Robert E. Usinger (United 
States). 

Contrasted provisions for dealing with old names 
and new names. The Régles in their amended form 
will come into operation immediately they are 
promulgated. In the meanwhile, arrangements are 
being made for the publication as soon as possible of 
the Procés Verbaux of the Commission during its 
Paris meeting in the Commission’s Bulletin of Zoo- 
logical Nomenclature. In general, it will be found that, 
in order to ward against the risks involved in retro- 
active legislation, the provisions relating to names 
already published are simpler and less rigorous than 
those to be applied to names to be published in the 
future. From now onwards workers giving new 
names will have at their disposal rules which are 
simple, clear, and easy to operate. The position as 
regards names already published—and especially 
names published before the introduction of the Régles 
fifty years ago—will necessarily be rather more 
complicated. It is hoped, however, that, as regards 
generic names, these difficulties will be largely over- 
eome by a rapid and substantial extension of the 
“Official List of Generic Names in Zoology’’, for 
under the arrangements now agreed upon, @ name 
once placed on this List is not to be changed for any 
purely nomenclatorial (as contrasted with taxonomic) 
reason Without the prior approval of the International 
Commission. A similar provision has been made in 
regard to the trivial names of species, and for these 
also there has now been established an “Official List” 
of names which are not in future to be changed for 
purely nomenclatorial reasons without the prior 
approval of the Commission. The establishment of 
these two “Official Lists” makes it possible for 
specialists in any group to concert proposals for 
submission to the Commission for the insertion on 
these “Official Lists’ of the names of the genera and 
species in their group and thereby to protect those 
names from changes for any reason other than 
taxonomic considerations. 

Value of preliminary studies on particular problems. 
The work of the present meetings was greatly assisted 
on two important matters by the decision taken at the 
previous Congress (held at Lisbon in 1935) that before 
the present meeting a detailed study should be made 
on two important questions of nomenclature which 
had been a cause of difficulty for many years. In 
each case the reports so submitted to the Paris 
meetings provided the basis for an agreed settlement. 
The first of these reports was concerned with the 
meaning of the expression “nomenclature Binaire”’ as 
used in the Régles: in this case the Commission and 
the Congress have agreed to substitute the expression 
“nomenclature binominale” for the expression referred 
to above, subject to the incorporation of safeguards 
for generic names published by “binary” though 
not binominal authors. The second of these reports 
was concerned with the problem of the nomenclature 
of forms of less than subspecific rank, a matter on 
which no provision had hitherto been made in the 
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Régles. In this case also the report submitted 
provided the basis for an agreed settlement. The 
Commission and the Congress have been so much 
impressed by the value of this procedure that they 
have now agreed that similar reports should be 
prepared for consideration at the next Congress in 
regard to other difficult problems, including (1) the 
treatment of family names; (2) the nomenclature of 
orders and higher groups ; (3) the rules which should 
govern the emendation of names and (4) the problems 
presented by the demand for the recognition of 
‘neotypes’. 

Settlement of outstanding individual cases. Owing 
to the War and other causes, the Commission at the 
beginning of the Paris meeting were confronted with 
heavy arrears of work in connexion with individual 
applications submitted by specialists in different parts 
of the world. During the recent meeting decisions 
were taken on almost all these cases, and these 
decisions will be promulgated in the near future. 

The outlook. The effect of the reforms in the 
Régles instituted during the Paris meeting will be to 
provide zoologists with a system of law which will be 
much easier to operate and will ensure stability and 
uniformity in the nemenclature. At the same time 
the reforms in the constitution of the Commission 
and its procedure will assure to zoologists a central 
authority in regard to all matters relating to zoo- 
logical nomenclature far more representative and 
international than ever before and, as such, capable 
of providing a service more extensive and of much 
greater value than has been possible at any previous 
time. Francis HEMMING 

(Secretary to the International 
Commission on Zoological Nomenclature) 





FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November | 


UNIVERSITY OF LONDON (at the London School of ray and 
Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p.m.— 
oy K. Linderstrem-Lang: ‘Eazymatic Breakdown of Proteins, 
. 


London, 


ROYAL GBOGRAPHICAL coeerr (at Kensington Gore, 
* (Koda- 


S8.W.7), at 5.30 p.m.—Mrs. F. Betts: ‘‘Innermost Assam’ 
chrome films with coueeah. 

Socrsty OF ENGINe#RS (at the Geological Society, 
House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. C. 
“Soil Mechanics and the Practical Engineer’. 


Tuesday, November 2 


University Coutegs, Loypoy (in the Anatomy Theatre, Gower 
Street, London, W.C.1), at 1.15 p.m.—Prof. J. Z. Young, F.R 
**Process of Learning in Octopus’’.* 

CaADWICK Postic Lecrcre ‘in the Sir Edward Meverstein Lecture 
Theatre, Westminster Hospital Medical School, 17 Horseferry Road, 
London, $.W.1), at 2.30 p.m.—Mr. Wyndham E. B. Lloyd: “The 
Preveation of fabsrculosis, with special reference to Environment’’.* 

ROYAL ANTAROPOLOGICAL [NsTITOTE (joint meeting with the 
ae ee AraicaN ([NsTIToTS, at 21 Bedford Square, London, 
W.C.1), at 5 p.m. —Mrs. G. M. Culwick: ‘An [nvestigation into the 

Diet of the Zande of the Sudan’”’. 

ROYAL STATISTICAL Society, RESEARCH SECTION (at the E.L.M.A. 
Lighting Service Burean, 2 Savoy Hill, London, W.C.2), at 5.15 P.m.— 
re on “So ne Statistical Problems Arising in Genetics’’ (to be 
opened by Prof. J. B. 8. Haldane, F.K.S.) 

[NSTITCTION OF BLgoraicat EVGINgeRs (joint meeting of the 
MBASURBMENTS AND RADIO Secrions, at Savoy Place, Victoria 
Embankment, London, W.C.2), at 5.30 p.m. —Prof. F. C. Williams and 
Mr. T. Kilburn: “A Storage System for use with Binary Digital 
Computing Machines’’ 

Str HALLEY STEWART Trust LecTURE (at the a Hall, 
Farringdon Street, London, £.C.4), at 6 p.m.—Prof. P. M. 8S. Blackett, 
F.R ‘, The Atomic Age—The Military Consequences of Atomic 


Burlington 
B. Brown: 


Energy”. 


{nstrroTe oF Merats, Soura WALES Sgcrion (at University 


College, Singleton Park, Swansea), at 6.30 p.m.—Mr. Ivor Jenkins: 
*‘Controlled ‘Atmospheres in Non-Ferrous Me' 


tallurgy”’. 
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TEXTILE INSTITUTE, MIDLANDS SEcTION (joint meeting with the 
DERBY TEXTILE Socizty, at the Midland Hotel Derby), at 6.45 p.m. 
—Mr. H. Halkyard: ‘Processing of Acetate Rayun’’. 


CuEMIcAL Soctety, Ere BRANCH (at University College, Dublin). 


~—Prof. H. J. Emeléus F.R.S.: ‘The Production and Uses of Radio- 
active Tracers”. (To be repeated on Thursday, November 4, at 
University College, Cork; on Monday, November 8, at University 
College, Galway; and on Thursday, November 18, at University 
College, Hull.) 


Wednesday, November 3 


INSTITUTION OF ELECTRICAL ENGINEERS. RADIO SECTION (at Savoy 
Place, Victoria Fmbankment, london, W.C.2). at 5.3¢ p.m.— Wr. 
G. W. A. Dummer: “Aids to Training—The Design of Radar Syn- 
thetic Training Devices for the R.A.F.”’. 

MANCHESTER METALLURGICAL Socrety (joint meeting with the 
Local SrcTion of the INSTITUTE OF METALS, at the Engineers’ Club, 
Albert Square, Manchester). at 6.3( p.m.— Dr. N. P. Allen: “‘Recent 
Developments at the National Physical ] aboratory’’. 

SOCIETY OF FUPLIC ANALYSTS ANP OTEER ANALYTICAL CPEMIETS 
(at Gas Industry House, 1 Grosvenor Place, London, 8.W.1), at 7 p.m 
—Scientific Papers 


Thursday, November 4 


PuyYsicaAL Society, Acorstics Grovp (at the Royal Society of 
Arts, 6 John Adam Street. Adelphi. London, W.C.2), at 2.3( p.m.- 
Discussion on “Concert Hall Acoustics’’ (to be opened by Mr. Hope 
Bagenal). 

Royat Society (at Burlington House, Piccadilly. Iondon, W.1). 
at 4.30 p.m.—Miss Audrey U. Smith: “‘Some Antigenic Properties 
of Mammalian Spermatoza’’; Mr. H. Mcliwain: “‘Metabolic Charges 
which form the basis of a Microbiological Assay of Nicotinic Acid” 

CHEMICAL SOCTETY, SHEFFIELD BRAXCH (joint meeting with the 
UNIVERSITY CHEMICAL Soctety, in the Chemistry Department ] ecture 
Theatre, The University, Sheffield). at 5.3( p.m.—Frof. W. T. Astbury 
*R.S.: “The Electron Microscope and some Recent Discoverics 
with it in the Field of Macromolecules”’. 

INSTITUTION OF ELECTRICAL ENGINFERS (at Savoy Place, Victoria 
Embankment, London, W.C.2), at 5.30 p.m.—Mr. F. J. Erroll, M.P 
and the Lord Forrester: “Some Projects favourable to Direct-Current 
Transmission, and the Role of the British Electrical Industry in 
relation Thereto”’. 

KINne’s COLIEGE (in the Department of Civil. Mechanical and 
Chemical Engineering. Strand. J ondon. W.C.2). at 5.2¢ p.m.— Prof 
8. J. Davies: “Heat Pumps and Thermal Compressors’.* (Further 
Lectures on November 11, 18 and 25.) 

ROYAL INSTITUTE OF CHEMISTRY (at the Technical College. Brighton), 
at 6 p.m.—Dr. K. G. A. Pankhurst: ‘‘Protein-Detergent Complexes 
and some of their Uses in Industry’. 

LEEMS METALLTRGICAL SoctETy (in the Chemistry Department, 
The University, Ieeds), at 7 p.m.—Dr. R. Genders: ““War-time 
Metallurgical Developments in Great Britain’’. 

TEXTILE INSTITTTE YORKSHIRE SFcTION (at the Technica) College, 
Keighley), at 7 p.m.—Mr. R. J. Steele: “The Mystery of Colour’. 


Friday, November 5 


ASSOCIATION OF APPLIED BroLocists (in the Botany Lecture 
Theatre. Imperial College of Science and Technology, 1 ondon. 8.¥ .7), 
at 2 p.m.—“‘The Insecticidal Properties of Certain Organo-I hosphorus 
Compounds’’. ‘ 

PuysicaL Soctety (in the large Physics Theatre, Imperial College 
of Science. Imperia] Institute Road, london, 8.W.7) at 5 p.m.— 
Extraordinary Genetal Meeting; at 5.10 p.m.—Scientifc Papers. 

UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street. London, W.C.1). at 5 p.m.—Prof. G. Levi: “Relations of 
Interdependency between the various parts of the Nervous System 
in the Embryo and in the Adult”.* (The Lecture will be delivered in 
French.) 

SocreTy OF CHEMICAL INDUSTRY, MANCFESTER SEcTION (joint 
meeting with the Local Sections of the CHEMICAL SoctETy and the 
ROVAL INSTITUTE OF CHEMISTRY, at the Engineers’ Club, Albert 
Square, Manchester), at 6.45 p.m.—Prof. J. Read, F.R.S.: ‘Studies 
in Australian Plant Chemistry”’. 

PAPER MAKERS’ ASSOCIATION, TECHNICAL SBCTION, NORTHERN 
DIVIsion (at the Engineers’ Club, Albert Square, Manchester), at 
7 p.m.—Mr. G. G. Taylor: “Colour Measurement”’. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.— Dr. C. G. Butler: “‘Bee Behaviour’. 


Saturday, November 6 


ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the INSTITUTE 
OF Prysics and the [INSTITUTE OF METALLURGISTS, at the Institution 
of Electrical Engineers, Savoy Place, Victoria } mbankment. ] ondon, 
W.C.2) at 10 a.m.—‘The Origins and Prevention of Laboratory 
Accidents”’. 

GEOLOGISTS’ ASSOCIATION (at Chelsea Polytechnic, Manresa Road, 
London, 8.W.3). at 2.30 p.m.—Annual Re-union. 

LONDON CouNTY CoUNCIL (at the Horniman Museum, London Road, 
Forest Hill. London, 8.E.23) at 2.30 p.m.—Mrs. F. N. Betts: ‘Ihe 
Zemi Nagas—the Life of an Assam Hill Tribe’’ (with film).* 

INSTITUTION OF CHEMICAL ENGINEERS, NORTH-WESTERN SECTION 
(joint meeting with the CHEMICAL ENGINEERING GrorP of the Society 
OF CHEMICAL INDUSTRY, at the College of Technology, Manchester), 
at 3 p.m.—Mr. J. Ley : “The Cooling of Circulating Water for 
Coolers and Condensers’. 


NATURE 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments og e 
before the dates mentioned : 

HEAD (male) OF THE POULTRY DEPARTMENT, and TEACHER (fe 
IN DaIRYING, for the Ulster Dairy School (for girls), Cookstown, 0, 
Tyrone—The Establishment Officer, Ministry of Agriculture, Stormong, 
Belfast (November 6). 

EDUCATIONAL PSYCHOLOGIST by Middlesex County Counc!) Edues. 
tion Committee for Eali The Education Officer, 9% 
Castlebar Road, London, W.5, quoting F.22.T (November 8) 

ASSISTANT LECTURER IN PHONETICS—The Registrar, The Uniy 
ersity, Leeds 2 (November 9). 

CIVILIAN LECTURERS (2) [IN THE DEPARTMENT OF PHYSICS ap 
ELBCTRICAL ENGINEERING of the Royal Naval College, Greenwich 
Secretary, Admiralty (C.E. Branch), Whitehall, London, $.Wj 
(November 12). 

PRINCIPAL SCIENTIFIC OFFICER or SENIOR SCIENTIFIC Orrigg 
(MINERALOGIST) and a PRINCIPAL SCIENTIFIC OFFICER (with Ping 
or Second Class Honours degree in chemical engineering, or in enginesp. 
ing with corporate membership of the L.C.E., or in science or math. 
matics with post-graduate study in chemical engineering). at the 
Ministry of Supply Research Establishment, Harwell—The Secretagy, 
Civil Service Commission, Scientific Branch, 27 Grosvenor Square, 
London, W.1, quoting No. 2304 (November 12). 

LECTURER IN APPLIED MATHEMATICS—The Registrar, University 
College, Southampton (November 13). 

ALAN JOHNSTON, LAWRENCE AND MOSELEY RESEARCH FPELLOWSED 
—The Assistant Secretary, Royal Society, Burlington House, 
London, W.1 (November 15). 

L&ECTURESHIP IN CHEMISTRY, with special qualifications in physical 
chemistry—The Secretary, The University, Aberdeen (November 16), 

L&CTURESHIP IN PHYSICAL CHEMISTRY—The Secretary, The Uniy. 
ersity, Aberdeen (November 15). 

ASSISTANT LECTURER IN PHYSICS, and an ASSISTANT LECTURER 
In GsBoorapHy—The Registrar, The University, Manchester 19 
(November 19). 

ASSISTANT LECTURER IN GEOGRAPHY—The Registrar, The Uniy- 
ersity, Nottingham (November 19). 

LECTURER (Grade [II) 18 CHEMISTRY—The Registrar, Queen Mary 
College, Mile End Road, London, E.1 (November 22). 

LABORATORY TECHNICIAN with knowledge of simple biochemical 
procedures and also of electrical apparatus—The Professor of Surgery, 
Queen Elizabeth Hospital, Birmingham 15 (November 3). 

IMPERIAL CHEMICAL [NDUSTRIES FELLOWSHIP tenable in the Durham 
Division or the Newcastle Division of the University of Durham— 
The Registrar, University Office, 46 North Bailey, Durham (Novem- 
ber 30) 

PROFESSOR OF VETERINARY SCIENCE at Makerere College, Kam 
Uganda—tThe Secretary, Inter-University Council for Higher EB 
tion in the Colonies, 8 Park Street, London, W.1 (November 3). 

LECTURERS (2) IN Puysics at the Natal University College (one 
lecturer in the Department of Physics at Pietermaritzburg, and one 
lecturer in the Department of Experimental Physics at Durban)}— 
The ‘ecretary, Association of Universities of the Rritish Common- 
wealth, 32 Woburn Square, London, W.C.1 (December 1) 

L&CTURESHIP IN ECONOMIC STATISTICS in the Faculty of Economies 
at the University, Sydney—The Secretary, Association of Universities 
of the British Commonwealth, 32 Woburn Square, London Wl) 
(December %1). 

ASSISTANT BIOCHEMIST—The Medical Superintendent, Dudley 
Road Hospital, Birmingham 18. 

SCIENTIFIC ASSISTANT—The Director, Commonwealth Bureau of 
Horticulture and Plantation Crops, East Malling. Maidstone, Kent. 

SENIOR ASSISTANT IN DYEING AND TEXTILE CHEMISTRY at the 
Technical College—The Director of Education, Town Hall Bradford. 

SENIOR LECTURER (N CHEMIFTRY—The Clerk to the Governom, 
Chelsea Polytechnic, Manresa Road, London, S.W.3. 

ASSISTANT EXPERIMENTAL OFFICER IN THE BACTERIOLOGICAL 
DEPARTMENT, to assist with investigations into mastitis in dairy cows 
—The Secretary, National Institute for Research in Dairying, Shin- 
field, Berks. 

LECTURER IN PHYSICAL AND [NORGANIC CHEMISTRY at Brighton 
Technica! College—The Education Officer, 54 Old Steine. Brighton. 

LABORATORY STEWARD IN THE SCIENCE DEPARTWENT of the Con- 
stantine Technical (ollege—The Director of Education. Middlesbrough. 

TECHNICIAN with special experience in hematology, a GENERAL 
LABORATORY TECHNICIAN, and a HISTOLOGICAL TEcHNICIAN, for the 
Department of Pathology and Bacteriology—The Secretary, Welsh 
National School of Medicine, 34 Newport Road, Cardiff. 

CHAIR OF GEOLOGY—The Registrar, The University, Nottingham. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 
British Standard 846: Part 3: 1948. Burettes and Bulb Burettes, 


Burettes with Pressure-filling Device and Automatic Zero. 
Pp. 14. (London: British Standards Institution, 1948.) 2s. net. [38 
John Murray Expedition, 1933-34. Scientific Reports. Vol. 9, No.1: 
Report on the Echinoidea of the Murray Expedition, Part 2. By Th. 
Mortensen. Pp. 16+1 plate. (London: British Museum (Natural 
History). 1948.) 5e. 38 
Diptera of Patagonia and South Chile. Part 6. Punsteuin®: Aaa 
trata, Key to the Families of Acalyptrata. by John R. 
Pp. 491-500. (London: British Museum (Natural History), 1s 


2s. 

B.1.0.8. Overall No. 6: Some Agricultural Aspects in 
Germany during the iod 1939-1945. Pp. 12. (London: HM. 
Stationery Office, 1948.) 4d. net. (48 
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